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ABSTRACT
Nine samples of maize collected from Grain Marketing Board Centres during 1991, 
and a further 47 samples collected directly from farmers (41) and the G.M.B centres 
in Chinhoyi and Kwekwe (6) during 1992, were analysed mycologically. The
/V-
predominat flora was Fusarium, although Penicillium, Nigrospora, Aspergillus and 
Chaetomium could be isolated from some samples. From a total of 2821 fungal 
isolates obtained from all the maize samples analyzed, 1485 (53%) were found to 
belong to the Liseola section of Fusarium. From the first nine samples studied, F  
moniliforme and F  subglutinans were isolated in almost equal numbers on samples 
from the Central and South of the country. The subsequent study demonstrated that 
there was a greater fungal diversity in samples from Mashonaland West than samples 
from the Midlands area with species of Nigrospora, Chaetomium, Acremonium and 
Diplodia occurring in significant numbers.
A total of 886 isolates were obtained from the different samples. These isolates 
were then used to evaluate the importance of morphological characters, mating groups 
and mycotoxin production (zearalenone, monilifoimin and fumonisin B2) in delineating 
taxa in the Liseola section and also to find out any relationship between these 
characters and the geographical origin of the isolates.
Chlamydospore formation, mode of microconidia production, the type of the 
conidiogenous cell and the shape of the microconidia were found to be very reliable 
in delineating taxa in this study. A classification scheme based on these characters 
was formed and used to distinguish the different taxa.
Mating tests carried out also supported the stability of the scheme adopted using 
morphological characters. However, these tests also showed that the success of a 
cross in this section is highly dependent on the ’sex’ of the isolates involved and may 
be independent of the geographical origin of the isolates
Results on mycotoxin production showed that zearalenone production was not 
common in the Liseola section, moniliformin production was mostly by isolates in 
groups B1 (= F  proliferation), J2 (= F. subglutinans), J3 (= F. anthophilum) and K5 
(=F. oxysporum?, F. nygamai?, F. dlamini?), and fuminsin Bl production was mostly 
by isolates in groups A1 (= F  moniliforme) and K5. There was no observed
correlation between toxin production and the geographical origin of the isolates.
From the results of this study, it was proposed that the species in the current sections 
Liseola, Elegans and Dlaminiela be grouped into one section and be assigned a new 
name - section Microconidios. Also, a new species, Fusarium microsporus 
Mubatanhema & Moss, is described, containing two varieties:
Fusarium microsporus var monophialidicus Mubatanhema & Moss. 
Fusarium microsporus var polyphialidicus Mubatanhema & Moss.
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1. INTRODUCTION
1.1 The Genus Fusarium
1.1.1 Definition
The genus Fusarium was erected by Link in 1809 for species of fungi with fusiform, 
non-septate spores borne on a stroma (Booth 1971). It was, in terms of the 
International Code of Botanical Nomenclature, validated by Fries in 1821 (Booth 
1971) who included it in his order Tuberculariae. The family Tuberculariaceae is 
characterised by the formation of sporodochia. Some species, however, formpionnotes 
instead of sporodochia and yet others produce conidia in clusters on all parts of the 
aerial mycelium. However, the one common feature to all fusaria is the formation of 
the macroconidia and hence, with the development of pure cultures, the presence of 
a stroma was abandoned as an essential character of this genus in favour of the 
presence of fusoid macroconidia with a foot cell bearing some kind of a heel. This is 
currently accepted as the most reliable character (Nelson et al. 1983, Burgess et al. 
1983 and Nirenberg 1981) and separates it from closely related genera such as 
Cylindrocarpon. Chlamydospores (terminal or intercalary) and microconidia may be 
present or absent and perithecial states, where known, belong to the Hypocreales 
(Booth 1971).
1.1.2 Global Distribution and occurrence of Fusarium species
The genus Fusarium is made up of a large and complex group of fungi with 
ascomycete teleomorphs. Different species of the genus have wide geographic, 
ecological and host ranges. Surveys of communities of this genus have been carried 
out in many countries such as Australia (Burgess et al. 1988), Singapore, Japan 
(Ichinoe et al. 1983), Brazil (Kommedahl et al. 1987) Norway (Kommedahl et al. 
1988), South Africa (Marasas et al. 1981), Central and Eastern United States (Leslie 
et al. 1990), New Zealand (Lauren et al. 1991), in New South Wales (Klein 1987), 
Canada (Gordon 1952) and Trinidad (Gordon 1956)
a n d  Leu>
In Poland, Chelkowski^/ (1992), reported the dominance of the section Liseola on 
Polish maize collected in 1982 and 1985. In Norway, Kommedahl et al. 1988,
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reported the occurrence of F. moniliforme, F. oxysporum, F. merismoides, F. 
a cuminatum, F. avenacium, F. equiseti, F.proliferatum, F. sambucinum and F. 
semitectum within the Arctic Circle. However, probably the most intensive surveys of 
this genus in a particular region, have been done in Australia by Burgess and 
colleagues (Burgess et al. 1988). They have reported the occurrence of the species F. 
beomiforme, F. chlamydosporum, F. equiseti, F. longipes, F. moniliforme, F. 
napiforme, F. nygamai, F. oxysporum, F. proliferatum, F. scirpi and F. semitectum 
from different parts of Australia.
Levic et al. (1992-poster presentation) also reported the wide spread occurrence of F. 
graminearum, F. verticillioides(=F. moniliforme), F. oxysporum, F. subglutinans and 
F. poae in the former Yugoslavia.
Fusarium species occur in all types of soil in all regions of the world in which 
farming is practised and also in regions where there is no agriculture. Some species 
are extra-ordinarily widespread over the whole globe, for example, F. oxysporum has 
been reported from Arctic tundra and alpine pastures to tropical soils and F. equiseti 
from Alaska to the tropics and subtropics (Palti 1978). Others, however, have limited 
distribution, for example, F. moniliforme, occurs mostly in the soils of the tropics and 
subtropical zones, F. sporotrichioides found, with rare exceptions, only in temperate 
zones and F. udum only in temperate zones (Palti 1978). Some species have a high 
competitive ability e.g., F, oxysporum and F. culmorum and some species can 
penetrate the soil for some considerable depth and remain viable for some years. This 
renders the cultural and chemical operations for elimination difficult, for example, F. 
solani has been found 40cm deep in a viable state which persisted for at least 5 years 
in the form of chlamydospores. Small numbers of spores have also been found viable 
at 80cm. F. oxysporum and F. culmorum, though known to occur in the uppermost soil 
layers, have been found 50cm deep .
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1.1.3 Ecology and Economic significance
Fusaria are essentially soil fungi and many species are adapted to survival in the soil 
even under adverse conditions. However, unlike many other groups of fungi, numerous 
species of Fusarium have further developed the capacity to penetrate into and 
parasitize plants with various degrees of severity. The ecology of Fusarium can be 
generally divided into three types viz; soil borne, air-borne, and a group of sub- 
terreanean and aerial species.
Soil borne Fusarium species are abundant in the soil. Examples include F. 
oxysporum and F. solani which are commonly associated with roots and the lower 
parts of plants but also, to a lesser extent, encountered on aerial plant parts. They are 
mostly passively dispersed. They have an ability to utilise a wide range of substrates 
and survive under adverse conditions. Most form sporodochia on substrate on or just 
above the soil surface and the spores may be dispersed by rain splashes directly or 
after they have been washed to the soil surface. Air dispersal is also thought to be 
associated with dust particles.
Air-borne species are colonizers of aerial plant parts and are adapted to dispersal in 
the atmosphere by passive and active mechanisms. They are rarely encountered in the 
soil. Representatives cause twig blights and cankers, stem cankers, collar rots and 
inflorescence blight. Rain splash of conidia constitute the main passive way of 
dispersal. Active dispersal of ascospores provides the major means of dispersal for 
those members which form abundant perithecia in nature. They survive on infested 
plant parts that may either remain attached to the plant or may fall onto the soil 
surface, but are rarely in the soil, e.g., F. lateritium which causes twig blight and 
dieback of ornamental mulberry trees (Marasas et al. 1984).
Fusaria in the subterranean and aerial habitats colonize both subterranean plant parts, 
residues in the soils, on the soil and plant aerial parts. Traditionally they were 
regarded as soil - borne, F. moniliforme is a good example. It is widely distributed 
in tropical and subtropical areas. From the soil, it has been found on roots of the
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members of the Gramineae, Leguminosae (Fabaceae) and others. It is responsible for 
maize stalk rots, sorghum head rots, stem and top rots of sugar cane (Pokkah boeng 
disease) (Futrell et al. 1969, Gilbertson et al. 1985, Kommedahl et al. 1978, Logrieco 
et al. 1988, Martin et al. 1989, Palmer et al. 1969, Singh et al. 1977). It survives 
mostly as mycelia on residue tissue. F. moniliforme is well adapted for dispersal in 
the atmosphere in dry or wet weather as it forms macroconidia in sporodochia and 
microconidia in chains or false heads in dry and wet/slimy masses respectively.
The problems caused by Fusarium can be divided generally into four groups viz 
storage rots, plant pathogens, toxins (mycotoxicosis) and human and^inimal pathogens ( t ' t f
(mycosis). The first investigation concerning storage rots started with an investigation 
of the cause of potato rots by Martius in 1840-41 and published in 1842. He found 
the causal organism to be a fungus he called Fusisporium solani which was later 
transferred to Fusarium solani (Mart) Sacc.(Marasas et al. 1984). However, all the 
workers that followed, thought of Fusarium as a saprophyte. It was almost 20 years 
later that Pizzigoni and Welmer in 1896 & 1897 showed by inoculation that Fusarium 
species actually cause the rots. On the other hand, F. oxysporum emerged as the first 
important Fusarium species causing diseases of economic crops. One of the early 
plant diseases caused by F. oxysporum was described in Alabama where Atkinson was 
called to investigate (Marasas et al. 1984). In 1892 he published his first findings and 
described the fungus F. vasinfectum as the causal agent - this is another form of F. 
oxysporum. Atkinson described the typical Fusarium wilt including the presence of 
gummy substances blocking the vascular tissue, and he illustrated what has proved to 
be the diagnostic character for the identification of F. oxysporum, namely the 
phialides producing the microconidia. Further work was done by Smith on 
watermelons, cowpea etc, who applied the techniques of true pathogenicity testing 
almost to the use of Koch's postulates (Marasas et al. 1984). All of the species 
described by these scientists were in 1940 grouped into one species, F. oxysporum, by 
Snyder and Hansen and were separated as pathogenic strains called formae speciales.
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The genus contains a number of species which are common pathogens of maize plants, 
causing diseases such as stalk and ear rot and damping off of seedlings (Marasas et 
al. 1979, Cassini 1981, Martin et al. 1989)). F. graminearum has been reported to 
occur on barley, wheat and com (Ichinoe et al. 1983 and Marasas et al. 1979). This 
mould is known to produce mycotoxins such as zearalenone and some trichothecenes 
(Smalley et al. 1977, Ueno 1977 and 1980, Steyn et al. 1978a and 1978b, Stobb et al. 
1962, Desjardins et al. 1987). Large outbreaks of Gibberella zeae infection 
(anamorph= F. graminearum) were reported in the United States com belt in 1966, 
1972 and 1975 (Ichinoe et al. 1983) which were accompanied by the detection of 
deoxynivalenol on infected kernels.
In South America, Logrieco and colleagues, found F. subglutinans, F. moniliforme and 
F. equiseti as the most frequently recovered species on Peruvian maize. They also 
found that isolates of F. subglutinans were the most toxic as measured by their 
toxicity to Artemia salina larvae.
F. moniliforme Sheldon is among the most prevalent of seed bome fungi of com
USuj
grown in Poland (Chelkowski/l 992), in the United States of America (Hesseltine et 
al. 1976) and in the Republic of South Africa (Marasas et al. 1979). Its toxicity to a 
number of animals has been reported (Kellerman et al. 1972, Wilson 1971 and 
Marasas et al. 1988b). F. moniliforme is known to produce gibberellins (Yabuta et al. 
1939) in high quantities, (G3, G4 and G7) which are of significance to agriculture and 
horticulture. In addition to these substances, F. moniliforme is known to produce a 
number of pigments (carotenoides and bikaverins, the latter of which have antibiotic 
activity against Leishmania brasiliensis). It also produces mycotoxins such as 
moniliformin, fusaric acid, fusarin C, fusariocins and fumonisins. Also of interest is 
the production of the milk clotting rennin, cellulolytic and amylolytic enzymes, 
pectinases and phenol degrading enzymes (Bruckner et al. 1989).
Some species, such as F. oxysporum and F. solani, have been reported to cause some 
skin, nail, hair and eye infections (McGinnis 1980, Austwick et al. 1984, Rippon 1982 
and Summerbell et al. 1988) and F. solani has been reported as a biodeteriogen of 
pharmaceutical products (Thomas and Moss 1990) as well as the biodegradation of 
industrial cutting fluids (Hurst- personal communication).
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1.1.4 Brief history, development and current views on the taxonomy and 
classification of the genus Fusarium (Link).
The taxonomy of the genus Fusarium has been one of the complex problems that has 
faced mycologists. At one time, the taxonomy of Fusarium species may have been 
of purely academic interest. However, since it was proved that some species of this 
genus incited certain disorders in man and animals, (either directly- mycosis;or by the 
production of toxins (mycotoxins), and their phytopathological history, determination 
of the exact identity of these species and strains has become a matter of acute 
importance. By the early 1930's, probably 1000 species had been described, most of 
them identifiable, if at all, only to those who had described them. Credit for creating 
order in Fusarium classification goes to Wollenweber and Reinking (1935). Their 
classification was used as the basis for further development by many (Gerlach 19SI , 
Nirenberg 1981), except by the Californian phytopathologists in the 1940's, Snyder and 
Hansen and their collaborators, who published a completely different and extremely 
oversimplified concept of Fusarium taxonomy.
In 1910 Wollenweber and Appel advocated a system of classification in their paper 
'Grundlagen einer Monographic der Gattung Fusarium (Link)' (Appel and 
Wollenweber 1910). They discarded classification based on particular natural 
substrates and concentrated on culturing the fungi in a definite manner under a certain 
range of environmental conditions. The criteria for their classification depended on: 
presence or absence of microconidia, chlamydospores (terminal or intercalary), shape 
of conidia, range of spore septation, amount and character of aerial mycelia and 
pigmentation of the substrate (Wollenweber et al. 1925). Their definition of species, 
variety and forms, followed that which was approved by the committees of the 
American Phytopathological Society, The Society of Agronomy and Mycological 
section of the Botanical Society. These were:
Species: This includes groups of individuals which can be separated on the basis 
of morphological characters of such a nature as to be applicable and usable by 
mycologists in general which will be most serviceable for practical purposes.
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The variety, is distinguished by morphological characters but less important than 
those used for specific segregation.
Formae is to be used in the subdivision of the species or variety characterized and 
distinguished primarily by physiological instead of morphological characters.
Wollenweber and Reinking’s work resulted in the publication of the Fusarium 
monograph 'Die Fusarien' in 1935, in which all the Fusarium species were classified 
into 16 sections, 65 species, 55 varieties and 22 forms. This work undoubtedly 
succeeded in giving the genus a semblance of order and represents an outstanding 
achievement in organizing the voluminous and scattered data. However, some authors 
regarded the characters used as too narrow and unstable. Among these, the 
outstanding were Snyder and Hansen. According to Snyder and Hansen (1940) 
species distinction had no value since a particular clone could, through mutation or 
sexual cross-over take the form of another. Realizing the width of the variation 
exhibited by this genus, they saw the need of revising the Wollenweber classification. 
They started in 1940 with the section Elegans. This section is very important to the 
plant pathologist because it includes most of the forms which cause vascular wilts. 
According to Wollenweber and Reinking (1935), the section Elegans contained three 
subsections (orthocera, oxysporum and constrictum) into which is placed 10 species, 
18 varieties and 12 forms. Snyder and Hansen collected a number of these species 
from a wide range of substrates and cultured them using single spore techniques. 
These single-spore cultures showed great variability in spore length, width, septation, 
kind and intensity of pigment and presence or absence of sporodochia. The extent of 
this variation was such that the progeny of a single spore could be placed in a 
different species or even different subsection. As a result, all members of the section 
Elegans were placed in a single species F. oxysporum on the sole basis of 
morphology. This large species therefore, contained numerous clones, all of them 
united by a common character, the shape of the macroconidia. They extended their 
work in 194Q to include the section Martiella and Ventricosum, which contained 5 
species, 10 varieties and 4 forms which are most frequently found as virulent parasites
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and saprophytes, and grouped them into the species F. solani. In 1945, they combined 
all species, varieties and forms of the 4 sections Roseum, Gibbosum, Discolor and 
Arthrosporiella into one species F. roseum (Link). They thus ended up with 10 
species, (in fact 9 or even 8 because after admitting F. ciliatum and F. rigidiuscula as 
doubtful species, they made no further reference to them) with no varieties and 34 
forms (mostly in F. oxysporum), instead of 121 morphological groups (species and 
varieties). The 34 forms were determined solely upon distinctive pathogenesis on a 
particular host and not by morphological or cultural characters. Their work was 
accepted by many mycologists especially plant pathologists. This, however, has caused 
a lot of confusion in the taxonomy of Fusarium especially in the identification of 
toxigenic strains. For example, what Mirocha called F. roseum was referred to as F. 
graminearum by Christensen and what Joffe (1965) called F. poae and F. 
sporotrichioides, were later referred to as F. tricinctum involved in the mycotoxicosis 
known as Alimentary Toxic Aleukia (ATA).
One of the reasons why Fusarium presented so many problems is that cultures were 
hardly made and hence variability was not recognized. Fusarium is known to be quite 
genetically unstable. It is known to be sensitive to environmental conditions with 
regards to types of media (Burgess et al. 1983) especially when using media with 
either high carbon content or high C/N ratio [as Toussoun said that, "...in fact Fusarium 
and variation could be said to be synonymous" (Nelson et al 1983)].. This, therefore, 
would explain the observation that led Snyder and Hansen to their conclusion since 
they were using PDA (Potato Dextrose Agar) as the medium. PDA has been shown 
to produce extremely variable spores especially on aerial mycelia and hence can only 
be used for description of some morphological characters such as pigmentation, 
growth rate and the development of aerial mycelia. The use of PDA by Snyder and 
Hansen explains why they had to make statements such as "It is not the intent here 
to imply that characters, previously used for separating Fusarium, are of no value nor 
is it to be inferred at all that no Fusarium can be identified definitely by the existing 
system. On the contrary, it is frequently possible to place with precision a given 
isolate in its proper position in the Wollenweber classification at a given time, but it 
is when a given isolate seems to straddle species lines or even sectional lines, then the
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system breaks down, for too often, an isolate appears to fit possibly into a number of 
species but not certainly into one", and, "another serious breakdown in the system 
occurs when the fungus which originally may have been specifically identified after 
a period in cultures, for then it may be found that the first and second identification 
do not agree. Perhaps not even in respect to section characters" (Snyder and Hansen 
1945).
Further controversy over the taxonomy of Fusarium, however, continued with other 
taxonomists like Gordon (1952) in Canada who developed yet another system 
depending partly on Snyder and Hansen, partly on Wollenweber and Reinking and also 
on his own ideas. Still other systems were developed in other areas by different 
workers in Italy, France (Messiaen and Cassini 1968), USSR (Raillo 1950, Bilai 1955) 
and Australia (Burgess et al 1983), each system differing from its predecessors, hence 
no classification system devised by any specialist in Fusarium taxonomy satisfied 
another specialist. Many of these workers, however, rejected the Snyder and Hansen 
system because, on the whole, it was not justified from a taxonomic standpoint nor 
was it suitable for practical use and in many cases, it did not follow the rules of 
nomenclature.
Currently, the classification of Fusarium has been dealt with by Burgess and Liddell
ciier'VoJC-V-v
(1983), Nelson, Toussoun and Marasas (1983), Booth (1971) and Nirenberg r 
* (1982). Their classification systems follow that of Wollenweber and Reinking 
as the basis. Their media for isolation, growth and sporulation include Carnation Leaf 
Agar (CLA), Potato dextrose Agar, V8 Juice Agar, Chaff-grain Agar and Fusarium 
Sporulation Agar (=Salt Nutrient Agar = Spirtziella Naastorfarmer Agar = SNA). Their 
culturing procedures include single-spore culture initiation, hyphal tipping, induction 
of chlamydospore and perithecial formation.
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In general, 16 sections are recognised. The sections are as follows. (Nelson et al. 
1983)
Sporotrichiella Elegans Arachnites
Roseum Spicarioides Arthrosporiella
Gibbosum Discolor Lateritium
Eupionnotes Liseola Macroconia
Submicrocera Pseudomicrocera Martiella- Ventricosum
A new section Dlaminid; has been recently described and contains the new species 
F. dlamini, F. napiforme, F. boemiforme and F. nygamai (Marasas et al. 1987, 
Marasas et al. 1985, Burgess et al. 1986 and Nelson et al. 1987) The section was 
named after the first species to be described ( F. dlamini) which was in turn, named 
after the chief in the area where it was isolated (Marasas et al. 1985). This section, has 
characters that are common to the section Liseola (chain forming microconidia) and 
chlamydospore formation which relates it to section Elegans. Whether this is truely a 
new section has yet to be comfirmed by further studies.
When did the knowledge of Fusarium start? One of the first written descriptions of 
ear rot of maize caused by F. moniliforme was found among the native Aztec 
descriptions in the 16th century by a Fransiscan friar in Mexico. When plant 
pathologists went to look at peasant agriculture, they found that farmers had local 
names for the diseases that occurred on their plants such as red mould and white 
mould. However, Fusarium diseases were first known within the concept of modem 
terminology in a scientific system in 1809 when Link first described the genus. He 
described it as basically a genus producing hyaline, septate, phialidic (enteroblastic) 
asexual spores whose foot cell of the macroconidium bears a heel. Link however, 
described the species F. roseum as the first species but unfortunately his collection 
was a mixture and the name F. roseum has been used as a confused name ever since. 
It can, however be noted that some species have remained unchanged since their first 
description. For example,
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F. lateritium Nees was described in 1817 
F. heterosporum Nees was described in 1818 
F. oxysporum Schlechtendal was described in 1824
F. avenaceum Fries (Fusisporium) was described in 1832
F. equiseti Corda (Selenosporium) was described in 1838 
F. graminearum Schwabe was described in 1838 
F. solani Martius (Fusisporium) was described in 1842 
F. sambucinum Fuckel was described in 1869 
F. semitectum Berk and Ras was described in 1875
At present, the taxonomy of Fusarium may seem to have stabilized, however, some 
controversies still exist, , e.g., the importance of a given character in separating 
species is still not clear. In some cases, for example, chlamydospores may be said to 
be either present or absent in the same section or even species, but the same authors 
may take absence or presence of chlamydospores to be the sole character that would 
separate species or sections. For example in the section Eupionotes, the species F. 
aquaeductum does not form chlamydospores, in F. merismoides, chlamydospores are 
present and are formed in chains and in F. dimerum, they may be present or rare. 
Thus there is the whole spectrum from presence to absence but the three species are 
considered to be in one section, according to Nelson et al. (1983) of Eupionnotes. 
However, on the formation of the section Dlaminici the sole character that isolates 
these species into new species, let alone a new section, is the presence of 
chlamydospores.
1.1.5 The Section Liseola (Wollenw. & Reink.)
1.1.5.1 Taxonomy, Classification and current situation in nomenclature in this section 
together with the mycotoxins and mycotoxicological cases associated with the 
section.
The section Liseola (Wollenw.& Reink.) is one of the most important sections in 
relation to the mycology of maize especially in relation to tropical countries such as
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Zimbabwe. According to Nelson et al., 1983, the section is made up of four toxigenic 
fungi viz F. moniliforme, F. proliferatum F. subglutinans and F. anthophilum. The 
absence of chlamydospores, shape of the micro and macro-conidia and substrate
S O n r x e  e > f  •
pigmentation are^the important characters used to delineate taxa in this section by all 
current Fusarium classification systems (Booth 1971,1975,1977,1984, Messiaen and 
Cassini 1968, Toussoun and Nelson 1968, Snyder and Hansen, 1945, Wollenweber 
& Reinking 1935 and Nirenberg 1981).
The most important species in this section is F. moniliforme (Nelson et al. 1983). It 
occurs world wide in a variety of plant hosts and is one of the prevalent fungi 
associated with com (Zea mays) in most of the com producing areas of the world. It 
has been suspected of being involved in human and animal diseases since its 
description in the previous century and has proven to be toxic to a variety of 
experimental animals. Marasas (1985) described it as a mycotoxicological miasma. 
He described it as having many similarities to the medieval miasmata with respect to 
its habitat, prevalence, toxicity and carcinogenicity and the confusion and ignorance 
with its taxonomy and mycotoxicology. It is one of the most prevalent fungi associated 
with maize in most maize growing areas of the world (Marasas et al. 1977, 1979 and
a t
1981 Gbodi et al. 1985, Chelkowski and Lew 1992, SydhenamA1990 Rheeder et al. 
1992, Rheeder et al. 1990 Kommedahl et al. 1988 and Levic pers. comm.), it causes 
field outbreaks of equine leucoencephalomalacia (ELEM), is correlated with high
e t  a t •
oesophageal cancer risk (Sydhenam„1990 and Rheeder et al. 1992), is extremely toxic 
to experimental animals and is hepatocarcinogenic to rats. However, its toxicity to 
animals can not be attributed to any of the known mycotoxins, though recently, a 
group of compounds called fumonisins are thought to be involved. F. moniliforme was 
first described by Saccardo in 1881, he described a fungus on com in Italy as 
Oospora verticillioides (Sacc). It was thought to cause pellagra because of its 
constant association with com associated with the disease (Marasas et al. 1984). At 
about the same time, widespread field outbreaks occurred in the US of a disease in 
animals associated with the ingestion of mouldy com (Gordon 1952). The hooves of 
cattle and horses sloughed, pigs shed their bristles, chickens lost their feathers, some
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animals developed convulsions and a high percentage of affected animals died. The 
fungus that was found most frequently associated with these symptoms was described 
as Fusarium moniliforme by Sheldon in 1904. It was later found out to be identical 
to O. verticillioides and hence the name F. verticillioides was introduced by Nirenberg 
(Gams 1984).
F. moniliforme is surrounded by confusion and ignorance with respect to its taxonomy 
and mycotoxicology. As said before, it belongs to the section, Liseola which was 
originally described by Wollenweber and Reinking to contain six taxa. The 
subsequent development of the taxonomy of this section was in two directions, i.e., the 
reduction of the number of taxa to a single species, F. moniliforme emend. Snyd and 
Hans, by Snyder and Hansen in 1945 and the enlargement of the section to include 6 
taxa by Gerlach and 10 by Nirenberg and GerlachA1982, Nirenberg 1981.
Between these extremes, other authors recognise from two (Booth 1971) to four 
(Nelson et al. 1983) (see Table 1). There is, thus, also a confusion over its association 
with mycotoxins and mycotoxicology. There is considerable controversy regarding the 
production of moniliformin and zearalenone by F. moniliforme. Moniliformin was first 
reported to be produced by F. moniliforme NRRL 5860 isolated from maize in the 
USA (Marasas et al. 1984). This strain, however, lost its ability to produce 
moniliformin during the course of study. The identity and non -moniliformin 
production of this strain was confirmed by Marasas 1988a. The strains NRRL 6022 
and NRRL 6322 which were reported by Springer et al. (1974) and by Burmeister et 
al. (1979) have been shown NOT to be F. moniliforme by Marasas et al. (1988a).
et «t.
Also those reported to be high producers by RabiejT982) have also been confirmed 
not to be F. moniliforme. In fact it is thought that F. moniliforme is either a weak 
or non-producer of moniliformin. This is also reported by Bottalico et al. 1984, Kriek 
et al. 1981, and Marasas et al. 1979, 1984 and 1986. The name moniliformin is thus 
a confusing misnomer for a mycotoxin not produced by F. moniliforme.
The other species in the Liseola section, include F. proliferatum (Matsushima) 
Nirenberg, F. subglutinans (Wollenw & Reink.) Nel, Tou & Mar. and F. anthophilum
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Table 1. Comparison of different classification systems concerning the section Liseola.
(A. Braun) Wollenw. The distribution and mycotoxicology of F. proliferatum is not 
well documented probably due to its misidentification as F. moniliforme. Marasas and 
colleagues (1986) have shown it to be the highest producer of moniliformin, 
producing from 2, 300 to 19, 300 mg/kg of moniliformin. 15/15 (100%) of the tested 
isolates produced moniliformin ( as compared to 13/58 (22.4%) of the tested F. 
moniliforme which produced a range of 60 to 2100 mg/kg). This report was the first 
to record moniliformin production by F. proliferatum. Chelkowskz et al. 1990b also 
found that only 3/7 of F. moniliforme isolates produced between 130-400 mg/kg of 
moniliformin.
F. subglutinans occurs on a wide range of hosts particularly in the gramineae such as 
com and sugar cane in many areas of the world (Marasas et al. 1984). It is thought 
to have a lower optimum temperature for growth hence occurs in cooler, more 
temperate areas than F. moniliforme (Booth 1971, Francis and Burgess 1975 and 
Marasas et al. 1979). Knowledge is also limited due to its misidentification as F. 
moniliforme. F. subglutinans is one of the fungi most prevalent in the home grown 
com produced in the high incidence areas of oesophageal cancer risk in Transkei 
(Marasas et al. 1977). Some isolates from Zambian com were found to be acutely 
toxic to day old ducklings (14/14 died ) by Marasas et al. (1978). Isolates from the 
high oesophageal cancer risk areas of the Transkei were found to be extremely acutely 
toxic to ducklings (100% mortality in times ranging from 90 to 136 minutes). It can 
produce as much as 11.3 g/kg of moniliformin. In the study of the incidence, 
geographical distribution and toxigenicity of Fusarium species in South African com,
F. subglutinans (as F. sacchari var subglutinans) was found to predominate in a humid 
climate. (Marasas et al. 1979). Joffe et al. 1973, reported some isolates to be 
dermatoxic to rabbits. Marasas et al. 1986, tested 59 isolates and found that 48 were 
producers of moniliformin ranging form 5 to 11 300 mg/kg and Chelkowski et al. 
1990b, found that 7/20 produced up to 1660mg/kg of moniliformin.
Fusarium anthophilum (A. Braun) Wollenw. has also been reported on a wide variety 
of hosts in a number of countries such as Germany, Iran, Kenya, Madagascar, Nigeria
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and Trinidad (e.g., Gordon 1956). Two isolates were reported to be dermatoxic to 
rats by Joffe et al. 1973. Its moniliformin production has been tested by Marasas et 
al. (1986) (6/8 - range of 450 - 1100 g/kg) and by Chelkowski (1990b) (range of up 
to 200 mg/kg).
At the present, the considerations of mycotoxicosis asscociated with the Liseola 
section are concentrated on F. moniliforme. This is mostly because recent findings 
show that the incidence of F. moniliforme is correlated with the oesophageal cancer 
rate in the Transkei (Rheeder et al. 1992), F. moniliforme is frequently associated 
with foodstuffs in high cancer rate areas in China (Li et al. 1979, 1980) and is 
correlated with field outbreaks of ELEM (Plattner 1990). F. moniliforme has been 
shown beyond doubt to have a causative role in ELEM (equine 
leucoencephalomalacia). This necrotic disease of horses, donkeys and mules is 
characterised by liquefactive necrotic lesions in the white matter of the cerebral 
hemisphere from which the name is derived. Mortalities in horses, preceded by marked 
nervous symptoms prior to death have been known since 1850 in the com producing 
regions of the U.S (Buck et al. 1979, Buckley and Maccallum 1901, Biester and 
Schwarte 1939, Biester et al. 1940). The disease is known to occur in Egypt (Badiali 
et al. 1968) Argentina, China (Marasas et al. 1984) and South Africa (Kellerman et 
al. 1972, Marasas et al. 1988b and 1988c, Pienaar et al. 1981).
The first successful experimental reproduction of the pathognomonic cerebral lesion 
of ELEM was carried out by Wilson (1971) who used both infected com and freeze- 
dried cultures and showed that signs of neurotoxicity as evidenced by walking in 
circles were manifested on the 12th and 13th day. On the 14th day, the lower lip 
drooped and the head was held facing downwards. The right eye-lid was insensitive 
to stimulation and after another two hours of walking in circles, the animal fell down 
and struggled for about one hour before expiring. Upon post-mortem examination, a 
large necrotic lesion was found in the white matter of the right hemisphere (Marasas 
et al. 1984).
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The toxicity of F. moniliforme has been reviewed in detail by Marasas et al. 1984. 
According to Marasas "ef al. (1984), Marasas and Smalley fed cultures of F. 
moniliforme incubated at 10°C and 25°C to one-day old chicks and found that 1/10 
and 9/10 deaths occurred respectively. Richard (1969) reported on the toxicity to day 
old Pekin ducklings of seven unidentified isolates of Fusarium species from visibly 
mouldy com from storage bins in Iowa, USA. Two of these isolates were identified 
as F. moniliforme MRC-107 and MRC-121 (Marasas et al. 1984). Furthermore, 
cultures of F. moniliforme (MRC 137) isolated from com produced in Zambia during 
1974/75 were found to be acutely toxic (2/4 died in 14 days) to day old Pekin 
ducklings (Marasas et al. 1978).
Marasas et al. (1979) carried out a study on the toxicity of 30 Fusarium isolates. 
He found that 14 (46.6%) of these were acutely toxic to ducklings but produced no 
detectable levels of moniliformin. Kriek et al. (1981) reported that 15 isolates were 
acutely toxic to ducklings yet none produced moniliformin.
Experiments with mice were carried out by Richard (1969). He used mouldy com 
from storage bins, Iowa USA. All the three strains he tested were found to be toxic. 
Also some isolates (8) tested by Fussello and colleagues (Marasas et al. 1984) from 
feeds in Italy were found to exhibit an oestrogenic activity typical of zearalenone 
presence but were not tested for this compound. Kriek (Marasas et al. 1984) also 
carried out experiments with sheep using the isolate MRC 826. He dosed the sheep 
with 5g/kg/day and the sheep died after 10 and 12 days.
The mycotoxins that have been isolated from members of the sections Liseola include 
fusaric acid, fusarins (=fusariogenins), moniliformin and fumonisins and probably the 
most recent ones are the micromonilins (see pages 46 and 47).
Recent developments have shown that the fumonisins may be responsible for most of 
the toxicity of F. moniliforme. The first experimental evidence of the involvement 
of fumonisins in inducing ELEM in horses was carried out by Marasas and colleagues 
(1988b). They injected a horse intravenously 7 times with culture material of isolate 
MRC 826 containing some fumonisin Bl. Clinical signs of neurotoxicosis, which
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appeared after 8 days, included nervousness, apathy, a wide-base stance, trembling, 
ataxia, reluctance to move, paresis of the lower lip and tongue and an inability to eat 
or to drink. The principal lesions were severe oedema of the brain and early, bilateral 
symmetrical, focal necrosis in the medulla oblongata (Marasas et al. 1988b). 
Evidence of the natural occurrence of fumonisins has been documented by Sydenham 
et al. (1990) using mouldy home grown com collected from Transkei - South Africa. 
Thiel et al. 1991, surveyed fumonisin production by Fusarium species. He used 40 
toxic Fusarium isolates representing 27 taxa in 9 sections and also two newly 
described species -F. nygamai and F. napiforme. He found that fumonisin production 
was restricted to F. moniliforme and F. proliferatum of the Liseola section and one 
isolate of F. nygamai. This was the first report of fumonisin production by F. 
nygamai. Gelderblom et al. (1988) showed the cancer promoting nature of the 
fumonisins, especially that of FBj. Gelderblom et al. (1991) also showed the toxicity 
and carcinogenicity of fumonisin B1 to rats. He used 25 rats which were killed at 6, 
12, 20 and 26 months after dosing. He found that most rats suffered from a micro and 
macronodular cirrhosis and had large expansible nodules of cholangiofibrosis in the 
liver. A large proportion (66%) of the treated rats developed primary hepatocellular 
carcinoma. They concluded that FBj is responsible for the hepatocarcinogenic and 
hepatotoxic but not for all the other effects shown by F. moniliforme. However, 
interestingly, Norred and colleagues (1991) carried out experiments to find out the 
effects of FBj on hepatocytes. They did this by measuring the effects of different dose 
levels on the ability to cause the release of the cytoplasmic enzyme lactate 
dehydrogenase. Results showed that their extracts had no hepatocyte lethality, they 
actually found fusarin C to be more cytotoxic than the fumonisins and they also found 
that FBj was not able to initiate unscheduled DNA synthesis in isolated hepatocytes, 
an in vitro system frequently used to predict the carcinogenicity of a compound. He 
thus concluded that toxicity of FBj requires that it be metabolised, bound to a carrier 
agent or undergo some physiological process that is unavailable to isolated 
hepatocytes. Wang et al. 1991 has, however, used rat hepatocytes and shown that 
fumonisins can inhibit the incorporation of the amino acid serine during sphingolipid 
biosynthesis. This was investigated because of the structural similarities between the
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fumonisins and sphingolipids. Thus, although, some scientists claim to have shown 
beyond doubt the causative role of fumonisins in different disease development, further 
evidence is still needed. Ross et al (1990) also reported the induction of ELEM and 
Pulmonary Edema Syndrome (PPE) in Swine associated with FBj of FB2 isolated from 
both F. moniliforme and F. proliferatum. They also investigated (Ross et al. 1991) 
the concentrations of FBl5 in feeds associated with animal health problems. Using 98 
samples collected from areas associated with both ELEM and PPE and 51 samples 
from areas free of animal health problems it was shown that feeds associated with 
ELEM contained FB1} ranging from less than 1 mg/g to 126 mg/g with 75% above 10 
mg/g. Feeds associated with PPE ranged from less than 1 mg/g to 330 mg/g with 
71% of the cases having at least 1 sample greater than 10 mg/g. No fumonisins were 
defected from non-health problem areas.
1.1.6 Teleomorph-anamorph relationship and its significance to taxonomy
From the previous sections, it can be observed that a number of differences in the 
taxonomy, classification and nomenclature still exist in the Liseola section. As a result, 
it may still be difficult for some scientists, especially those who lack experience of the 
subject to correctly name strains that are known to be important pathogens or to 
produce economically important metabolites, a factor which has led to significant 
confusion within the scientific literature concerning this section.
From the existing literature, the use of the sexual stage to distinguish between species 
has been applied. These distinctions are usually based on mating tests and may give 
rise to either taxonomic or biological species (Leslie et al. 1991, Chang et al. 1975, 
Gordon 1954 and 1961 and Samuels et al. 1988). Although the Linaean concept 
specifies the existence of one fructification for one kind of plant, mycologists have 
finally accepted this remarkable aspect of some fungi, namely that a single genotype 
could correspond to various phenotypes which are able to produce and disseminate 
independently.
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All the known perithecial states of Fusarium species belong to the Hypocreales, an 
order characterised by the formation of a soft, fleshy or membranous, usually brightly 
coloured perithecial wall (Booth, 1981). Three genera of the Hypocreales, Nectria, 
Calonectria and Gibberella, are associated with Fusarium anamorphs. However, the 
separation of Calonectria from the other two genera is not so well defined. 
Gibberella includes species with ascospores mostly with two or more septations 
enclosed in asci borne in violet or blue-black perithecia (Windels 1991, Sidhu 1983, 
1985 and 1986 ). Nectria on the other hand produces ascospores varying from single 
to many septations enclosed in asci borne in white, pale orange or bright-red to brown 
perithecia. At present, teleomorphs have been described for 14 Fusarium species 
belonging to 11 sections though teleomorphs for species in the Elegans and 
Arthrosporiella sections are still unknown (Windels 1991).
Fusarium species in the Liseola section have their teleomorphs in the ascomycete, 
Gibberella fujikuroi. Gibberella fujikuroi (Sawada)Wr (=F. moniliforme Sheld. 
Syn.:Lisea fujikuroi Sawada, 1919\Gibberella moniliformis (Sheld.) Wineland, 1924), 
was first described by Wineland in 1924 when she put two compatible mating types 
in a culture (Hsieh et al. 1977). Its occurrence in nature has been reported in Australia 
(Edward 1935) and in the United States (Voorhees 1933).
Kuhlman in 1982, described varieties of Gibberella fujikuroi with anamorphs in the 
Fusarium section Liseola. He used 108 isolates collected from a variety of hosts 
collected from three different states United States (Kuhlman 1982). After testing a 
variety of media such as Sach’s agar with wheat straws, Difco lima bean Agar,V-8 
juice agar and fresh and Difco Potato Dextrose agar, he found that V-8 juice agar was 
the best for most of the crosses. His method of inoculation was by spreading 1.0ml 
of a 14 day old donor isolate's spore suspension (approximate concentration of 106 
spores per ml) on to a 14 day old female strain. From his work, he then described four 
varieties of G. fujikuroi on the basis of mating groups, variation in ascospore and 
perithecial size, phialide type and microconidial formation. The varietal type G. 
fujikuroi var fujikuroi, which was only found on rice, has the smallest ascospores and
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perithecia, microconidia are formed from phialides in false heads and chains. The 
largest ascospores, intermediate - size perithecia, presence of polyphialides and 
microconidia only in false heads characterize G. fujikuroi var subglutinans. Large 
ascospores and perithecia, phialides bearing microconidia in chains, and a diverse host 
range are features of G. fujikuroi var moniliformis. A new mating group was 
described as G. fujikuroi var intermedium which gave the largest perithecia, small 
ascospores, polyphialides and monophialides, and microconidia in chains or false 
heads. He concluded that they had anamorphs in F. moniliforme.
Hsieh et al. (1977) also carried out a similar experiment. They used isolates collected 
from 12 different countries and eight states in the United States. Crosses were tried 
on different media such as Potato Dextrose Agar (PDA), Water Agar (WA), V-8 juice 
agar (pH 6.8), lima bean agar, Sach’s agar with wheat straws and 33 different kinds 
of straws and other natural plant materials (dried stems, leaves, seeds, wood, etc- 
sterilised by propylene oxide). They found that V-8 juice agar produced consistent and 
reliable results for mating population A but not the best for mating populations B and 
C. They also found that all isolates were heterothallic.
According to Klittich and Leslie (1992), mating is heterothallic and is governed 
by two alleles at a single mating type locus. Though mating types have been given 
variety names by Kuhlman (1982), some investigators prefer assigning them letters (A- 
D) (Hsieh et al. 1977, Klittich and Leslie 1992, Kathariou et al. 1982 and Leslie 
1991). Members of the same population are potentially fertile with one another but 
not cross fertile with members of the other mating population. Kuhlman assigned each 
of these mating population to their anamorphs as follows: 
mating population A: F. moniliforme 
mating population B: F. subglutinans 
mating population C: F. fujikuroi 
mating population D: F. proliferatum 
Thus each mating population was assigned to only one anamorphic stage. Leslie et al. 
(1992) however, defined a fifth mating population in G. fujikuroi and its association
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with an anamorph in F. moniliforme. They crossed a number of isolates against 
representatives of mating populations A, B, C and D and found that they were sterile. 
However, when crossed among themselves, they produced mature perithecia with 
viable ascospores. This mating population was termed mating population F. The main 
differences between this group and group A are that members of mating population 
A are common on maize and rare on sorghum and vice versa for members of mating 
population F. Also members of mating population A are thought to be high producers 
of fumonisins whereas members of mating population F are thought to be either low 
or non-producers of fumonisins (Klittich and Leslie 1992). It is however, worthwhile 
to note that the mating groups described thus far are restricted to separate hosts. The 
question therefore arises as to whether they represent genetically distinct forms that 
are incapable of intergroup crossing or whether they vary simply because they 
developed in ecologically different niches and intergroup crossing may be dependent 
on proper nutrition. Thus, whether these differences are real and of taxonomic 
significance may be a matter of opinion (see later).
Ellis (1988a, 1988b and 1989) used a different approach to the section Liseola. He 
investigated the genetic relatedness through measurement of DNA complementarity in 
this complex species. His school of thought was to support the idea that G. 
subglutinans exists as a separate species. He showed that high DNA complementarity 
was related to perithecial formation. For example, the isolate NRRL 13566 and NRRL 
13565 produced mature perithecia when crossed with each other and also showed a 
100% DNA complementarity (Ellis 198$). Also strains NRRL 13563 and NRRL 
13564 also formed mature perithecia with viable ascospores and showed a nuclear 
DNA relatedness of 95%. According to Ellis, 90% genetic complementarity and above 
would group isolates of the same taxon. A complementarity of 50-55% would separate 
genetic species and intermediate complementarity indicate varieties. He thus described
G. fujikuroi- anamorph; F. moniliforme, G. subglutinans- anamorphs: F. fujikuroi, F. 
annulatum and F. subglutinans. The application of teleomorphic-anamorphic 
relationship still needs further investigation
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1.1.7 Brief steps towards identification of fusaria
Species in the genus Fusarium are highly variable because of their genetic make-up
and because changes in the environment in which they grow may cause morphological 
\ \
changes (Nglgoj-y 1983). Since morphology, especially of the macroconidia, is 
the basis of identification, it is of utmost importance to standardize the methods used 
during identification. Cultures should therefore, be started by the same means and 
where utmost precision is required, use of the same batch of media is recommended 
where possible. The incubation conditions of light, temperature, aeration, etc 
should be strictly controlled.
Two methods have been devised for starting cultures by the same means. These are 
single-spore transfer, first described by Snyder and Hansen (Marasas et al. 1984), then 
modified by Nelson et al. (1983), and hyphal tip transfer. According to Snyder and 
Hansen’s procedure, 3ml of 2% water agar is poured into an unscratched petridish and 
and allowed to solidify. A 10ml spore suspension containing 1-10 conidia per ml is 
poured onto the agar and excess water drained off. The petridish may than be 
incubated at start positions for 12 - 16 hours and examined under the light microscope. 
The single conidia germinating can then be transferred to the required medium. 
Nelson et al. (1983) have slightly modified the method. Their procedure involves 
placing a drop of sterile water onto a sterile slide. By means of a needle (wet at the 
end), spores are obtained from a sporodochium or aerial mycelia. The tip of the 
needle is introduced to the drop of water on the slide under the dissecting microscope. 
When the spores are beginning to overlap, by means of a sterile loop, the suspension 
is streaked onto a new petridish and incubated at 25°C for 12 - 16 hours. Colonies 
that grow 1mm sq. are then transferred onto new petridishes by means of a sharp 
knife or sterile needle. On the other hand, hyphal tip transfer may be used. It is 
brought about by transfer of strictly a single hypha under the dissecting microscope 
onto new media. The original colony may be grown on a low nutrient medium such 
as water agar where the fungus grows sparsely then the tips may be transferred with 
ease. Careful identification of the fusaria, then depends on the use of uniform, 
carefully defined and prepared media and incubation under uniform conditions. The
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media that are commonly used are PDA (Nelson et al. 1983, Burgess et al. 1983), 
PSA (Booth 1971), Water Agar (Booth 1971) Fusarium sporulating Agar (Nirenberg 
1981) and Carnation Leaf Agar- CLA (Nelson et al. 1993, Nirenberg 1981, Booth 1971 
and Burgess et al. 1983). CLA is a natural substrate medium which consists of water 
agar containing sterile carnation leaf pieces (1 piece/2 ml agar) and may be prepared 
as follows. Leaves are harvested from growing part (tissue) of the plant (Dianthus 
caryophyllus). Plants should be disbudded and free from pesticides. The leaves are 
cut into pieces of approximately 5 mm sq. and dried in an oven at 55-60 degrees for 
2 hours. When dry the leaves are green and crisp, loss of green colour shows over­
heating. They are then either placed in an aluminium canister and sterilized with 2.5 
megarads of y - radiation from a cobalt-60 source or fumigated with propylene oxide. 
CLA is then prepared by placing several sterile leaf- pieces on 1.5 - 2.f£WA cooled 
to 45 degrees celsius. It is usually worthwhile to leave agar for at least 3 days before 
use. (Fisher and Burgess 1982, Burgess et al. 1983).
KC1 agar is used specifically for the Liseola section (Nelson et al. 1983). It is 
prepared by adding 4-8g of KC1 to 1.5-2.0% Water Agar. It is an ideal medium for 
showing monophialides and polyphialides. Different concentrations of KC1 have been 
shown to affect the lengths of the microconidial chains (Nelson et al. 1983).
PDA and PSA are carbon rich media and thus, are only useful for descriptions of 
colony morphology such as pigmentation, growth rate (linear) and aerial mycelial 
development. (Nirenberg suggested the use of SNA also for conidial morphology, but 
it seems as though it is not ideal for the section Liseola because it induces very long 
chains (which may be up to 110 spores long- personal observation) and may not 
induce macroconidial formation even after 6 week$ except (in F. subglutinans). CLA 
is widely recommended because microconidia are formed within 5-10 days which are 
more uniform than on C-rich media. Use of small 5cm, petridishes may aid direct 
observation under the light microscope. This enables the ability to assess the manner 
in which conidia are formed (type of conidiophore), presence and type of 
microconidial chains and presence or absence of chlamydospores.
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The relative importance of each character for identification of Fusarium varies 
between species. The shape of the macroconidia is generally the most important 
character. It is however, to be noted that macroconidia formed on aerial mycelia show 
some variability especially in the section Gibbosum. The term shape refers to the 
ratio:: of length to width which determines whether the conidium is stout or 
thin/slender. It can be falcate or relatively straight. The walls can be almost parallel 
or curved to different degrees giving, in the extremes, the dorsi-ventral curvature 
(hunch-back) appearance of macroconidia in section Gibbosum and the straight state 
in Liseola. The walls may appear thick or thin and the number of septa usually varies 
between isolates of the one species but in some, it may be relatively uniform. The 
apical cell may be short blunt, (rounded), or hooked (beaked), tapered to a point or 
very long. The base of the basal cell is distinctly foot - shaped, (nb that of F. nivale 
is rounded and hence recent reclassification as Microdochium nivale, see Gams and 
Muller 1980). The length may be variable and hence care should be taken.
Some morphological characters for Fusarium identification are as follows: 
MICROCONIDIA 
absence or presence (abundant or sparse)
Shape (pyriform, oval, clavate ellipsoid or mixed) 
size (length and width in pm).
Presence or absence of microconidia chains and false heads
MACROCONIDIA 
absence or presence (abundant, sparse) 
shape (falcate, lunate, curved fusoid or straight) 
size (length and width in pm)
Curvature
Whether septa are thick or thin 
beaked
pedicellate or apedicellate 
apices-sharp or blunt
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A
absence vs presence (abundant or sparse)
Position (terminal, intercalary or in groups).
PHIALIDES
Simple (mono) phialides, poly or proliferating polyphialides.
CULTURAL CHARACTERS 
mycelium
Compact, floccose, lunate or powdery
Pigmentation - of substrate and mycelia 
and of macroconidia in sporodochia 
Sporodochia - presence or absence 
Presence or absence of pionnotes and sclerotia
Physiological characters include growth rate at 20°C, 25°C and 30°C on PDA. This 
only measures the linear growth rate and may not show the increase in biomass of the 
culture.
Recently, some attempts have been made to define Fusarium and identify using the 
conidiogenous cell (Goos 1981) and microconidia and other forms of aerial 
sporulation (Gams and Nirenberg 1989).
Some of the useful techniques in Fusarium identification include stimulation of 
sporulation, chlamydospore induction and use of slide cultures. Chlamydospore 
induction is useful, e.g., for differentiation of F. oxysporum and F. subglutinans and 
also members of the Liseola section with the Dlaminia- Soil agar and WA are 
commonly used and chlamydospores may be formed within 4 weeks. They may also 
be induced by cutting small squares of fungal agar and placing in sterile water. 
Chlamydospores are formed within 10 days (Burgess et al. 1983). Slide culture are
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good for observation of spore production and nature of sporogenous cells. They may 
be made by pouring suitable agar into a petridish to a depth of 3mm. For each slide 
culture a 6 mm x 6 mm square block is cut placed on the centre of a slide and 
inoculated on the sides by means of a needle. The coverslip is placed on the block 
of agar and the slide incubated in a moist culture chamber until growing mycelia have 
reached the top of the coverslip. Use of low nutrient medium is recommended. 
Spores and sporogenous cells should be stuck on the coverslip and on the slide and 
around the agar. The coverslip is then removed and put onto a new slide with some 
mountant. Similarly, the agar block is removed and view under the microscope. This 
enables clearly to see whether monophialides or polyphialides are present. Some 
methods of stimulating sporulation include scraping off of the aerial mycelia, washing 
with several changes of sterile water and re-incubating or a temperature shock either 
by passing a hot scalpel across the petridishes or incubating the cultures at 14 - 18°C 
(Nelson et a l 1983).
1,2 Fusarium and Cereal s
Fusarium is one of the most important genera associated with cereal mycology. It 
attacks mostly the delicate tissues of rootlets and seedling stems, to cause certain 
damping-off and some wilting diseases of young and mature plants as well as 
senescent tissues of most plant tissue organs. The latter applies mostly to grains of 
cereals especially wheat, barley, oat, rye and maize - crops that form the basis of 
staple foods of most of mankind and for stockfeed. Senescent plant tissues are 
particularly susceptible to invasion by Fusarium species and may serve as the substrate 
for toxin formation, together with plant matter left-over in the field, grain spilled in 
harvesting, or even more frequently, grain stored at excessive humidity (Christensen 
and Kaufmann 1969, Schmidt 1991). Since cereal grain affected by Fusarium has 
proved to be the major sources of toxins affecting animals and man, special attention 
has to be paid to the conditions under which such cereals will support toxin formation 
and hence should be considered during storage. In temperate climates, the cereals 
involved include wheat, barley, oats, rye and various types of millet, in warmer 
climates, also rice and occasionally sorghum. Maize is affected in both temperate and
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in warm climates (Schmidt 1991). Food mycology has thus become a well defined 
part of the study of the fungi and this is reflected in the existence of a large number 
of excellent texts on the subject (King et al. 1981, Chelkowski 1991, Samson and van 
Reenen Hoekstra 1988). In the context of cereal mycology and cereal product 
mycology, the substrate for fungal activity may be the living plant in the field, the 
dried harvested crop in storage, or a food which may have been processed. The 
consequences of such activity will range from loss or reduction of the crop before 
harvest to spoilage of, and possible mycotoxin formation in the commodity (Schmidt 
1991). The annual world crop production of cereal grains exceeds 1500 million 
tonnes, i.e., about 360kg each per world inhabitant, and this is the most important 
source of food in the world. Experts estimate that 10-30% of this is lost through 
mould infection, depending on storage and climatic conditions. The very first stages 
of grain invasion by moulds can not be detected by the naked eye or by optical 
microscope yet the quality of mixed foods /(feeds) is highly dependant on that of 
cereal grain used as an ingredient in their production.
The principles of the sampling and enumeration of fusaria and fusarial toxins, or of 
any group of fungi in general, in bulk organic materials and the interpretation of their 
significance is far from being straight forward. It can present with a number of 
problems and worthwhile enumeration will depend on:
a) adequate sampling and sub-sampling so that the sub-samples examined are 
representatives of the original bulk;
b) satisfactory storage of the samples until examination,
c) examination with minimum possible delay to minimise changes in the mycoflora 
and toxin production,
d) the use of appropriate enumerator techniques with suitable isolation media for 
fungal identification, together with accurate methods for mycotoxin analysis and 
lastly, but not least, with adequate replicates.
Broadly, grain fungi have been divided into two groups, viz storage fungi and field 
fungi (Christensen and Kaufmann 1969). Separation, however, is not absolute and 
many fungi may show intermediate properties. Field fungi grow on grain before
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harvest and generally do not develop further in storage. Such fungi will be favoured 
by wet weather during ripening. Many Fusarium species are distinctly field fungi. 
In contrast, storage fungi occur only in small numbers before harvest and typically 
develop when the grain is transported and stored. The numbers and types of storage 
fungi depend on the condition of storage, particularly the water activity of the grain 
and its temperature. These microbial numbers may also be affected by temperature 
changes caused by heating due to microbial respiration as well as aeration, the use of 
chemical preservatives, the presence of foreign materials, insect and mite infestation 
and finally, the nutrient quality of the grain. Although most fusaria are not considered 
to be in this group, some can grow well e.g., F. culmorum, F. poae and F. 
sporotrichioides, especially in products of high water activity stored at low 
temperatures.
The standard way of enumerating grain flora is by directly plating (Moss 1991) the 
grains (whole grains) or by serial dilutions of washings from the grains or suspensions 
of comminuted grains (dilution plating). Direct plating enables the properties of grains 
carrying different fungi to be assessed. The levels of penetration may be found by 
aseptically cutting the grains and plating the different pieces. It is important to also 
use media such as oxgall or DG18 which reduces the growth of fast growers. In any 
survey of fungi and mycotoxins in natural products such as cereal grains or animal 
feeds, possibly the most important factor will be the sampling technique. Moulds and 
toxins are rarely evenly distributed, rather their occurrence is spasmodic and uneven. 
Thus in large volumes of material, eg, cereal grains, great care must be taken to arrive 
at a situation where the finally analyzed samples are as truly representative of the 
whole mass as possible. Survey on mould and mycotoxin levels in natural situations 
can be carried out on grain (or any other products) at any stage of production, 
harvesting, transport, processing and utilization. Each type of sampling will present 
different problems. If a lot, or consignment, has recently been blended by harvesting, 
loading, unloading, turning, grinding or any other means, a representative sample will 
be more easily obtained, than in a case where none of the above has been done. 
Mould growth and toxin production will invariably be in discrete regions and this can 
be reduced by stream sampling in which small samples are taken from a moving mass
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of material at intervals. Probe sampling is weak where no mixing has taken place. 
Field sampling is done through small stands in the field, best by random number 
tables. General recommendations on sample size are difficult to make and will depend 
on the actual size of the particles. Thus larger samples will be required with increase 
in particle size eg. com as opposed to wheat as opposed to milled products. Larger 
samples will increase the accuracy but the cost of product transportation and analysis 
will be restrictive. In general, 101b samples have been shown to be sufficient for most 
survey purposes with shelled com (Chelkowski 1991). Mycotoxin production by 
Fusarium (and also other fungi) has been shown to depend on the following 
conditions:
i) The actual presence of the toxigenic strains at one time
ii) A suitable substrate for growth and toxin production and,
iii) An environment suitable for growth and toxin production.
Mycotoxin production will take place when all of the above conditions are satisfied 
and each involves a number of inter-related factors, which together or individually 
may affect mycotoxin production, though under storage conditions, temperature and 
water activity stem out as the most important. Fusarium requires a relatively high 
water activity, as compared to Aspergillus and Penicillium, with a minimum 
requirement for active growth in the range of 0.88 to 0.91 (Chelkowski 1991).
1.3 Farming practice and conservation tillage in Zimbabwe.
During the 1991-92 season, Southern Africa was hit by a severe drought. In 
Zimbabwe, it was the most severe drought of the six years Zimbabwe's farmers had 
suffered since independence in 1980. Under normal conditions, Zimbabwe experiences 
a rainfall similar to Bedfordshire (AFRC news 1992) and has a history of highly 
productive and efficient mechanised farming- especially in commercial farms.
Traditional cultivation systems used by most communal farmers in Zimbabwe mostly 
employ ploughing using draught animals. In most cases, ploughing is done twice, i.e., 
soon after harvest and then prior to planting. The first ploughing process mainly turns 
the crop residues underground to decay and to provide manure for the next generation
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of crops. This is normally carried out in the March -May period. The second 
ploughing does not normally start until the first rains, i.e., October- November and 
this is immediately followed by planting. Crops are normally planted along ridges 
prepared along contour ridges to help conserve the fragile soil.
There are however, variations to this general scheme especially due to problems that 
may face farmers. Farmers may face unreliable rainfall, a factor which will inevitably 
affect the whole farming system. Small scale farmers, may also face problems such 
as limited access to draught power, unavailability of labour at planting, weeding and 
harvest times, lack of credit facilities and the increased scarcity of grazing land for 
livestock.
Such factors will then determine how well the crops are weeded and cultivated, how 
long they will stay in the field before harvest after maturity and also what will happen 
to the crop residues after harvest- factors which will in turn affect the levels of field 
contamination and the generation to generation fungal pathogen transmission.
1.4 Grain handling in Zimbabwe
1.4.1 Introduction
In 1990, Zimbabwe was tasked to formulate a food security plan for SADCC member 
states at the Southern Africa Development Co-ordination Conference held in Lusaka, 
Zambia (Todorov and Ngara 1987). According to Rukuni 1989, the demographic and 
economic structure of all SADCC member states is such that about 80% of their 
population live in the rural areas and earn th&'r living through agriculture. It has also 
been observed that 60% of the grain produced is retained on the farms for domestic 
consumption or local trading.
1.4.2 Grain harvesting in communal areas
Over 90% of the communal farmers complete their harvest in the May -April period. 
Exceptions may occur e.g., harvesting from gardens which may be carried out as early 
as February to facilitate winter planting (Tsuma 1989). Most farmers cut, stook and 
pick their crops during harvest. Depending on how far the field is from the homestead,
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the picked cobs are then transported either by scotch-cart, man or any other means to 
the homestead for drying.
1.4.3 Drying at a communal farm.
The most common method of drying grain at a communal farm is by the use of raised 
platforms (cribs), with over 60% of the communal farmers applying this method 
(Tsuma 1989). Other methods include ground drying (30%), field drying (4%) and 
inverted cone and smoking (2%) (Tsuma 1989).
1.4.4 Shelling
In a survey carried out by Giga and Katerere (1986) in eleven villages, it was found 
out that about 36% of the communal farmers shell their com by hand, 20% by hitting 
with relatively heavy sticks, 16% use hand operated mechanical shellers and about 9% 
use tractor driven shellers. Hand shelling is probably the best way with regards to 
minimising kernel damage but unfortunately, it is the slowest. Shelling is normally 
carried out in the month of August and normally coincides with school holidays to 
provide with labour.
1.4.5 Storage at a communal farm.
In most communal farms, traditional grain storage structures are generally built on a 
raised platform and are made of timber/pole and daga (mud plaster). In some cases 
cowdung may be used for plastering both the wall and the floor. Some farmers 
however, may construct storage structures made from bricks and cement.
1.4.6 Grain storage at national level in Zimbabwe.
Maize is stored by the Grain Marketing Board of Zimbabwe which was established 
under the control Act of 1931. The Grain Marketing Board (G.M.B) provides storage, 
handling and processing, not only of maize, but also wheat, sorghum, soya beans, 
sunflower seed, groundnuts, mhunga, rapoko and coffee. The Board is equipped to 
handle both bagged and bulk produce. Bagged produce require stacking (fig 1.) 
whereas bulk produce is stored in silos (fig 2)(photographs by Dr Moss 1990). All the
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Fig 1. Grain storage by stacking bags 011 on open stand in Zimbabwe
33
Star* ■? • *?
— * i i 1 n.,^ l
Fig 2. Grain storage in silos in Zimbabwe.
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Board's depots are equipped to store bagged produce mainly on concrete stands in the 
open and under sheds. Produce is stacked to a maximum of 55, 000 bags of 90 kg 
nett per largest open hand stand. Some depots are equipped with silos which have an 
average capacity of 75, 000 tonnes each. At arrival, all grains are tested and can only 
be accepted if they fall within the board acceptance standards. These tests involve:
i) Sampling. In the case of maize delivered in bags, a representative sample is obtained 
by taking equal distributed parts of the load so that where the load consists of 10 or 
less bags, the contents of each bag are sampled, where the load consists of more than 
10 but less than 100 bags, the contents of not less than 10 bags are sampled, and 
where the load consists of 100 bags or more, not less than 10% of the bags are 
sampled. Grading procedures then require that a working sample be drawn from the 
representative sample and divided into 4 equal portions which should not weigh less 
than 200 grammes each. Of the four working samples produced, two are randomly 
rejected and discarded. Of the remaining two, one is kept by the depot for future 
reference should a dispute for classification arise and the other is used to determine 
the grade of the whole maize delivery. The grading procedures include the 
measurement of moisture content, test density, extraneous matter and trash, 
chipped/broken grain, defective/ diseased grain and discoloured grains. The most 
important of these are moisture content, discoloured, chipped and diseased grains. 
Measurement of moisture content includes the grinding of a small sample and using 
the Marconi moisture meters. The following table gives the acceptable moisture 
content level per product.
PRODUCT(S) MAXIMUM MOISTURE
CONTENT
Maize, mhunga, rapoko 
Sorghum and wheat 
Edible beans and Soyabeans 
Groundnuts - shelled
12.5%
6.5%
11.0%
unshelled
Sunflower seeds 9.5%
8.0%
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When all grading measurements have been taken, the grade of the consignment is then 
given on the basis of the worst measurement recorded. Maize usually undergoes 
some semi-processing before being finally stored for long term storage (About a 
maximum of 3 years). This may include a screening process whereby maize is put 
through sieving machines which allow for the separation of maize from dust, husks, 
extraneous matter, broken and chipped maize. The maize dust and maize screenings 
may be used for stockfeed. Though some mouldy grains may still pass through (fig 
3- photograph by Dr Moss 1990), in this way the G.M.B has managed to keep its 
storage losses below 1% (personal communication. - G.M.B Senior Officer, Harare).
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Fig 3. M o u ld e d  M aize  G ra in s  i n t e r c e p t e d  f ro m  g o in g
in to  s to r a g e ,  H a ra re ,  1 9 9 0
37
1.5 Secondary Metabolism
1.5.1 The Process
Secondary metabolites, in general, are thought to be microbial products that serve no 
obvious function in the life of the organisms that produce them. From existing 
literature, it is generally agreed that their production is not universal among microbes, 
may be isolate dependent and is normally repressed during logarithmic growth. A 
number of arguments have been put forward to explain secondary metabolism. One 
of the arguments is that certain organisms possess genes responsible for secondary 
metabolism in addition to the genes required for growth (Malik 1980). In such 
organisms therefore, certain steps of primary metabolism may lack regulation. This 
may result in the overproduction of intermediates and end-products of primary 
pathways. It is thought that under metabolic stress, the growth rate decreases and the 
accumulated pools of intermediates may then induce subsidiary pathways to form 
secondary metabolites (Malik 1980, Anderson et a l 1984)). Thus secondary 
metabolism may evolved as a way in which the organism removes the accumulated 
intermediate and end-products of primary metabolism from a cell whose ability to 
regulate and integrate cellular metabolism is diminishing.
There is a tremendous diversity of secondary metabolites produced by the filamentous 
fungi. The structural diversity may be determined by transformations of precursors 
or by condensation of these precursors with other intermediates derived from the 
primary metabolic route. Additional complexity may be introduced by modifications 
of the number and arrangement of carbon atoms of basic skeletons of oxygen, 
nitrogen, chlorine or simply by changing oxidation levels (Malik 1980).
The ability to produce secondary metabolites is known to have a rather restricted 
distribution among organisms. However, it is not clear whether the potential to 
produce particular secondary metabolites also has a limited distribution, a topic which 
will form part of this project. Strains belonging to the same genus, e.g., Fusarium, 
may produce several diverse secondary metabolites with different chemical structures, 
e.g., trichothecenes, zearalenone, moniliformin, etc. Conversely, the same metabolite
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may be produced by strains of different genera, e.g., Ochratoxin A production (by 
Aspergillus and Penicillium species) and the production of Fumonisin B} (by Fusarium 
and Alternaria species).
The regulation of secondary metabolism is thought to involve genetic, physiological 
and environmental interactions. Most secondary metabolites are synthesised via a 
unique pathway which may involve multi-step processes catalysed by multi-enzyme 
complexes (Malik 1980). Multi-enzyme complexes with catalytic subunits arranged to 
catalyse successive steps of synthesis are known to be involved in the synthesis of 
some secondary metabolites, e.g., polyketides. This type of synthesis would thus result 
in greater catalytic efficiency than that of extracted enzyme mixtures because, in the 
organism, the intermediates are largely enzyme bound during the biosynthetic pathway. 
Enzymes involved in secondary metabolism are also thought to be less specific than 
those for primary metabolism. The regulation of secondary metabolism is thought to 
be by mechanisms known to regulate primary metabolism (Malik 1980), which may 
include allosteric influences on enzyme activity and operon based regulation 
mechanisms. Also of importance to secondary metabolism is the availability of 
common co-factors such as NADPH2 and ATP together with other key intermediates 
in primary metabolism which initiate the synthesis of secondary metabolites.
1.5.2 Mycotoxins
1.5.2.1 Definition
The proliferation of moulds on foods may simply result in it having an unacceptable 
appearance. This is so in the case of the blackening of flour by Cladosporium, the 
blue coloration of macaroni by Monilia albo-violacea or the orange coloration due to 
the dust spores of Neurospora sitophila (Chelkowski 1991). Sometimes simply the 
smell of an infected product is sufficient to make it unacceptable as a food. However, 
the gravest consequences of the effects of moulding of the food are undoubtedly the 
dangers of poisoning due to toxic metabolites produced by fungi, liberated into the 
food and hence the study of mycotoxins and mycotoxicoses.
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Myctoxm is a name currently used to designate a group of compounds produced by 
some strains of certain fungi that cause illness or death when ingested by man or 
animals. It is derived from the Greek word 'mykos' meaning fungus and the latin word 
’toxicum’ meaning poison (Bennet and Cie^er 1983). From fragmentary information 
it seems that knowledge of fungal poisoning was present in ancient Greco-Roman 
times although it was not until the Renaissance that more precise descriptions are 
found. These early accounts, however, are only concerned with intoxications due to 
the consumption of ’macromycetes’ (Frank 1990). It is not really until the end of the 
nineteenth century that reference is made to the toxicity of moulds and such early 
references usually contain a number of confusing observations which give them 
anecdotal rather than scientific value (Frank 1990). Some early documented dates 
include those of 1862, and subsequently 1882 when a certain disease of horses was 
ascribed to mouldy feed but was not given much attention. In 1891, Woronin 
established a relationship between dizziness and headaches with the consumption of 
bread made from grain contaminated with a Fusarium sp. He found that, for example, 
bread made from Fusarium infected rye, resulted in headaches, dizziness shivering, 
vomiting, disturbance of vision and general malaise. Dogs, horses, pigs and chickens 
were also affected. The disease of cereals which caused the above conditions is called 
Fusarium scab or blight and it is still a problem in the world today. For example, a 
serious epidemic of ’scab of wheat occurred in the wheat growing region of Ontario 
and Quebec-Canada in 1980 where up to 20% of the wheat crop was affected 
(Marasas et al. 1984). Similarly, the hard red winter wheat of certain regions of 
Kansas, Missouri and Nebraska in the USA was hard hit by scab in 1982 (Gordon 
1952). The average concentrations of deoxynivalenol in this wheat ranged from 0.2 
to 10.00 ppm but some lots contained 18 to 30 ppm. Naunov, in 1916 (in Marasas 
et al. 1984), reported that bread made from wheat and barley infected with F. 
graminearum in Russia (Eastern Siberia) caused inebriation and vomiting.
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1.5.2.2 Formation
It is a generally accepted phenomenon that the occurrence of mycotoxins is 
unpredictable. Two important points need to be emphasized. Firstly, the presence of 
a mould or evidence of prior fungal contamination does not in itself indicate the 
presence of mycotoxins. There is a possibility that the mould is genetically incapable 
of toxin production or, if the organism is capable, the conditions may not be the right 
ones to trigger off and stimulate toxin production. Thus a complex range of 
interrelated parameters need to be correct for toxin production to be initiated (see later 
in discussion).
Secondly, there may be no evidence of any fungal deterioration or any visible 
evidence of prior fungal contamination, yet none the less, there may be significant 
mycotoxin contamination. In other words the fungal species having produced the toxin 
may well not have survived into the final food product or the mycotoxin has passed 
through the food chain.
Mycotoxin formation is affected by a multiple of variables which are interactive and 
in a state of dynamic change. Environmental, genetic and physiological factors play 
a key role.
1.5.2.3 Fumonisins
Fumonisins are mycotoxins produced primarily by the fungus F. moniliforme. 
However, their production has been reported from other fungal species. Fumonisins 
have been reported to be carcinogenic to laboratory rats, cause acute toxicity to 
domestic animals (horses and pigs) and are thought to have a positive role in the 
etiology of oesophageal cancer. Based on the vast amount of literature on fumonisins 
published during the past five years one would certainly be tempted to equate 
fumonisins as the aflatoxins of the 1990s. They were first discovered in 1988 by the 
South African group under Marasas and this triggered off an explosion of research 
activities and concern by scientists, com growers, food industry groups and regulatory 
agencies (Norred 1993, Miller et al. 1993)). The structures of the fumonisins and two 
most related metabolites are shown on figure 4.
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Fig 4. Structures of known fumonisins and Altemaria altemata f.sp. lycopersici (AAL) 
toxin and the structurally similar sphingosine.
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The most studied disease caused by fumonisins is ELEM which seems only to be 
restricted to equids, with the exception of a single report of suspected ELEM in a 
whitetailed deer that may have consumed mouldy com (Norred 1993). Fumonisins 
have also been reported to have characteristic effects in different species which include 
pulmonary lesions in swine, nephrosis in sheep, cardiac thrombosis in baboons 
(Kellerman et al. 1990), liver toxicity to most studied animals and 
hepatocarcinogenicity to rats (Wilson et al. 1985, Marasas et al. 1984). Fumonisins 
are also thought to have immunological effects on chickens and birds. Marijanovic et 
al. (1991) found that differences in the immune system were produced in chickens 
when fed with different amounts of com cultured with three different isolates of F. 
moniliforme. Quresh and Hagler (1992) also exposed chicken peritoneal macrophages 
to fumonisin B1 in vitro and found that cytotoxicity, including nuclear disintegration 
and increased secretion of a cytolytic factor, occurred in macrophages exposed to as 
little as 0.5 pg/ml of FBj.
Although the causative role of fumonisins in human oesophageal cancer can not be 
proved directly, from a number of studies done in South Africa (e.g., Sydhenam 1990) 
and from the high incidence of F. moniliforme species on com from the Linxion- 
county, China, there is a high association between the incidence of oesophageal cancer 
and fumonisins/ F. moniliforme contamination.
Bezuidenhout and colleagues (1988), originally defined four different fumonisins, 
namely A„ A2, Bl and B2. All these compounds were found to be diesters of propane- 
1,2,3-tricarboxylic acid and either 2-acetylamino- or 2-amino-12,16-dimethyl- 
3,5,10,14,15-pentahydroxy-icosane or its C-10 deoxy analogue (Norred 1991) by !H 
and 13C NMR and mass spectroscopy. Since then, the structures of B3 and B4 have 
been reported. (Cawood et al. 1991).
Analytical methods for detecting and quantifying fumonisins have been developed, 
mostly by the South African group (Sydenham et al. 1990). From their chemical 
structure, it can be seen that fumonisins are colourless, have no uv absorption and do 
not fluoresce. Their detection therefore needs that they be derivatised. Fumonisins can
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be separated by TLC using 6: 3: 1 (Jackson 1990) or 20: 10: 10: Butan-l-ol: Acetic 
acid: Water (Gelderblom 1988). They are then visualised by spraying with 0.5% p- 
anisaldehyde and heating the plates at 120°C for 3 minutes. A purple fluorescent spot 
will appear due to the reaction of the NH2 group with the spray reagent. Another 
spraying which is also used, which is a general spray for organics, is 50% conc. 
H2S04 in MeOH. Spraying the developed plates with this reagent, followed by heating 
at 120°C for 3 minutes will result in a brownish fluorescent spot. HPLC methods for 
the detection of fumonisins have been developed (Shepherd 1990, Wilson 1990) and 
the most sensitive one utilises the conversion of the compounds to fluorescent 
derivatives with either fluorescamine (Wilson et a l 1990) or o-phthaldialdehyde 
(Shepherd 1990). Detection limits using these methods may be as low as 50-100 
ng/gm. Their separation is also aided by their water solubility, especially for liquid 
cultures, for then, the liquid culture can be poured directly on the amberlite XAD-2 
column. The fumonisins adsorb to the XAD-2 and after washing with water,they can 
be eluted with methanol. Gas chromatography-mass spectrometry (GC/MS) methods 
for both the confirmation, detection and quantitation of fumonisins have been 
developed (Plattner et al. 1990). This method involves the removal of the tricarballylic 
acid groups by hydrolysis with 1M KOH at 60°C for lhr to yield the aminopentol 
backbone which is then silylated and analysed.
Relatively little is known about the biosynthetic pathway of the fumonisins. This may 
be due to the fact that a number of defined media thus far tested gave very low yields 
of fumonisins. It is however, speculated that the fumonisin backbone is synthesized 
in a manner analogous to sphingosine, involving the condensation of linolyl CoA and 
alanine as opposed to the condensation of palmitoyl CoA and serine to form 
sphingosine. Due to their structural similarity to sphingosines (figure 4 ), their 
mechanism of action is thus thought to be through interference in some way with 
either sphingolipid biosynthesis or sphingosine turn over.
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1.5.2.4 Moniliformin
Moniliformin (see fig 5 for chemical structure) was first described as a metabolite of 
F. moniliforme Sheld. by Cole et al. 1973. It was, however, subsequently found in 
com cultures of several Fusarium species (Bottalico et al. 198^) Though moniliformin 
is a mycotoxin with marked toxic effects in animals and plants, it is not known 
whether it represents a real risk for animal and human health. Toxic concentrations 
have however, been reported to have been found in a sample of mouldy com from a 
Transkeian district of South Africa (Marasas et al. 1979).
Concerning F. moniliforme Sheld., the original moniliformin producing isolate (NRRL 
5860), was reported to have lost its ability to produce moniliformin (Springer et al. 
1974), results which were also confirmed by Marasas et al. (1984) who also re­
identified a number of isolates that had been previously reported as moniliformin 
producers (e.g., ATCC12763, NRRL 6322 and MRC 515) and found that most were 
the short chain type of F. moniliforme (=F. fujikuroi Nirenberg).
Thus, according to Marasas et al. (1984), F. moniliforme Sheld. hardly produces any 
moniliformin.
1.5.2.5 Zearalenone
Zearalenone (fig 5) is the trivial name for 6-( 10-hydroxy - 6-oxo-trans-l-undecenyl) - 
p- resorcylic acid -lactone. The name is partially derived from the latin binomial for 
maize and its lactone and ketone functions. The naturally occurring derivatives of this 
group of phytoestrogens are a  and p isomers of zearalenone, 8 -hydroxy-zearalenone, 
6-8- dihydroxy-zearalenone, 3-hydroxy-zearalenone and T  dehydro zearaldienone. 
Zearalenone was first isolated from cultures of F. graminearum by Stob et al. 1962, 
and has been shown to have anabolic and uterotrophic effects on mice. It has 
subsequently been found to occur naturally at levels of 2000 ppm in mouldy com 
associated with hyperestrogenism in the US, UK, Europe and Australia (Marasas et 
al. 1977). Marasas also demonstrated that the mass of the utems and cervix increase 
with zearalenone concentration. Zearalenone is known to be produced by Fusarium 
species such as F. graminearum, F. tricinctum, F. oxysporum, F. sporotrichioides etc,
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Fig 5. Examples of common Fusarium toxins.
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Fig 5 (contd.). Exam ples of common Fusarium  mycotoxins.
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and has been detected in hay, feed, com, pig feed, sorghum, dairy rations and barley 
that had caused field problems in farm animals in England, Yugoslavia, Finland, 
Scotland and Japan. In general, low temperatures are needed to initiate and mantain 
its production.
It is a relatively stable metabolite in spite of its large lactone ring. This is thought to 
be partly attributed to the presence of a secondary methyl group that may hinder any 
nucleophilic attack on the lactone carbonyl (Mirocha et al. 1977). The 1’ 2’ trans 
double bond (fig 5), is rather unreactive as revealed by . its resistance to 
bromination, epoxidation and hydroboration (Mirocha et al. 1977).
Zearalenone, in its pure state, is a white crystaline material with a molecular weight 
of 318 and a melting point of 164-165°C. It is insoluble in water, carbon disulphide 
and carbon tetrachloride but soluble in aqueous alkali, ether, benzene, chloroform, 
methylene chloride and ethyl acetate (Mirocha et al. 1977, 1978). When dissolved in 
ethyl alcohol, it has three absorption maxima at 236, 274 and 316 nm. however, a very 
useful physical property of zearalenone, which can be exploited for analytical purposes 
is its fluorescence when irradiated by uv. It fluoresces a blue-green colour when 
irradiated by uv wavelength 360 nm which intensifies when irradiated at shorter 
wavelength uv (260 nm). This property has been widely applied to zearalenone 
screening.
It should be noted, however, that there is a tendency to describe certain mycotoxicoses 
as due to one distinct toxin, it must be remembered that in nature, the fungus may 
produce an array of toxins some known and some as yet undescribed. That is to say 
causality is multiple. As for example, Swanson in 1980 (in Marasas et al. 1984), 
described the production of the following toxins by one isolate of F. tricinctum (may 
be a mis-identified isolate of F. sporotrichioides) grown on rice: T-2 (10c ppm) 
Neosolaniol (400 ppm), HT-2 (91 ppm), acetyl T-2 (10' ppm), 8-acetyl- neosolaniol 
(22 ppm) and deacetyl HT-2 (3 ppm).
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2 Isolation of fungi from Zimbabwean maize
2.1 Study areas
Six of the eight provinces of Zimbabwe were chosen for the first preliminary 
sampling. These were the Midlands, Mashonaland West, Mashonaland East, 
Mashonaland Central, Manicaland and Masvingo provinces.
Further studies were then focused on two provinces-Mashonaland West (with Chinhoyi 
as the main provincial town) and the Midlands province (with Kwekwe chosen as the 
study town). In the Midlands, the study sites were in Chiwundura communal area in 
the Chinamasa, Mtengwa, Gambiza and Gangira villages. Chiwundura is a communal 
area situated half-way between Kwekwe and Gweru. The above named villages are 
from 10 to 30 km apart.
In Chinhoyi the study sites were in the Zvimba and Murombedzi areas.
2.2 Sample collection
2.2.1 First sample collection (April-July 1991)
Maize samples (2 kgs each) were collected from 9 Grain Marketing Board (G.M.B) 
centres in the following towns, Gweru, Kwekwe, Kadoma, Chegutu, Marondera, 
Mutare, Chinhoyi Karoi and Masvingo, fig 6. These were collected in April to July 
1991 and stored in the cold room (5°C) until time of analysis.
2.2.2 Second sample collection (April-July 1992)
2.2.2.1 Collection from G.M.B centres
3x1 kg white maize samples were collected from each of the G.M.B centres in 
Chinhoyi and Kwekwe- the two study site towns. The collection was by randomly 
probing into 50 bags of 90 kg-bags into the small sampling bags. The maize collected 
was of the 1991-1992 harvest season collected from the surrounding areas. These were 
stored in the cold room at 5°C until time of analysis.
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2.22.2 Collection from farmers
Due to the unavailability of maize on some types of soil, sampling was restricted to 
two soil types in Mashonaland West and only on one in the Midlands. The two soil 
types in Mashonaland West were the red and the sandy loam soils whilst in the 
Midlands sampling was only on the sandy loam soil. This is the type of soil in the 
majority of Zimbabwe’s communal farms.
6x1 kg white maize samples were collected from red loam soils in Mashonaland West 
and 15x1 kg samples were collected from sandy loam soil in the same area. In 
Kwekwe 20x1 kg samples were collected from sandy loam soils. The maize collected 
was of the 1991-1992 drought-hit harvest time.
2.2.23 Further information collected
Farmers were also asked to provide information concerning the following:
i) use of fertilizers (underground/top dressing)
ii) use of fungicides,
iii) use of herbicides
iv) use of insecticides
v) treatment of maize plants and residues during and after harvest.
vi) land treatment after harvest and
vii) pre-planting treatment
Temperature (maximum and minimum) and rainfall patterns for the two areas for 1991 
were kindly supplied by the Zimbabwe Meteorological Services. Unfortunately they 
could not supply the relative humidity for Chinhoyi.
All samples collected were stored in the cold room to avoid further mycofloral 
development.
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2.3 Media Selection for mycofloral analysis of fungi from maize
2.3.1 Introduction
At the onset of this study, the first task was the choice of a correct medium for 
mycofloral analysis of fungi on maize. An ideal enumeration medium for moulds 
would:
i) Completely suppress bacterial growth without affecting fungal growth.
ii) Slow the radial growth of fungal colonies without inhibiting spore germination.
iii) Suppress hut not prevent the growth of spreading moulds so that they do not 
cover the slow growing fungi.
iv) Be nutritionally sufficient for all types of fungi (King et al. 1986)
It should be stated j6,n the onset that such a medium may not exist and the ones used 
are mostly compromises.
Nutrition sufficiency was met by the use of malt extracts, yeast extracts and/or peptone 
and inhibition of bacterial growth met by the use of the antibiotic chloramphenicol. 
Four types of media were used in search of particularly the one that would slow the 
radial growth of fungal colonies without inhibiting spore germination and also suppress 
the growth of fast growing fungi.
DG18
SNA
SFA
MEA/5
(See appendix A for media formulations)
SNA was quickly discarded for the following reasons;
i) Most fungi were difficult to identify on this type of medium
ii) It supports high kernel germination and plates become open within 3-4 days of 
incubation.
Eight samples were chosen for this experiment and these were samples collected from 
the Grain Marketing Board (G.M.B) centres in Gweru, Chegutu, Kwekwe, Kadoma, 
Masvingo, Mutare, Marondera and Chinhoyi. Two methods were used for the first
a X
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two sample (Gweru and Chegutu), viz., surface spreading and kernel plating otherwise 
referred to as superficial and invasive mycofloral analysis respectively.
2.3.2 Method
2.3.2.1 Media testing using superficial mycoflora
Approximately 100 kernels from each sample were counted and placed in a 250ml 
conical flask.
50ml of 0.1% octyl alcohol were added.
The samples were shaken on a platform shaker at 150rpm for 15 minutes. 
Forty-eight plates of media were used in the following manner:
16 for DG18 
16 for ME A/5 
16 for SFA
0.1ml were taken from each flask (original) and spread plates were made for each 
medium and sample with 5 replicates
A tenfold dilution was prepared from the original and 0.1ml used to make further 
spread plates for each medium in triplicates.
The plates were incubated at 25°C.
2.3.2.2 Media testing using invasive mycoflora
About 200 kernels were randomly selected from each sample.
These were surface sterilised in 10% Sodium hypochlorite solution for 10 minutes and 
rinsed in sterile water 3 times for 3 minutes each.
They were then dried on sterile filter papers (no.l: 7cm).
Using sterile pairs of forceps (sterilised by flaming), 200 kernels were placed, at 5 
kernels per plate on each of the three media.
The plates were incubated at 25°C
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2.33 RESULTS
2.3.3.1 Associative mycoflora 
2.3-3.1.1 Sample Chegutu 
SFA
An average of 71.4 cfu per plate were counted of which an average of 52.5 cfu/plate 
(73.5%) were fusaria. These colonies reached an average of 80-110mm in 5 days. 
Most of the other colonies grew very slowly (notably Penicillium as compared to its 
radial growth rate on DG18) with the exception of Trichoderma (colony diameter 
measurements were carried out after isolation and purification).
DG18
A greater variety of fungal species was observed on this medium. The fusaria on 
DG18 (35-40 cfu/plate) showed a slower radial growth than on SFA (an average of 
10mm in 10 days. The penicillia grew slightly faster and in greater numbers on DG18 
than on SFA (range of 11-21 cfu/plate,reaching a diameter of up to 9mm as compared 
to 0-7cfu/plate hardly reaching 5mm in 5 days. Aspergilli colonies were isolated on 
DG18 (3 cfu/plate) but not on SFA. However, fungal germination took a longer time 
(up to 10-14 days) than on either SFA or ME A/5 where early germinating fungi (e.g. 
Rhizopus) could be observed within 2-3 days of incubation.
MEA/5
Results comparable to those found using the medium DG18 were found on this 
medium. However, a greater number of Rhizopus (an average of 7 cfu/plate) were 
counted, results which were not observed using DG18. Penicillia colonies grew at a 
slower rate than on DG18. A greater diversity of fungal flora was observed than found 
using SFA.
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2.3.31.2 Sample Gweru
There was very little fungal growth on plates for this sample. Plate counts ranged from
1-6 cfu/plate on ME A with a few penicillia and fusaria colonies to 1-8 cfu/plate on 
DG18, most of which were Aspergillus colonies.
23.5.2 Invasive mycoflora
Fig 7 shows the relative proportions of different fungi (invasive mycoflora) on 
different media from the two sites.
Fig*?. Variation of fungal recovery with medium for sam ples Chegutu and Gweru
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It can be observed from this set of data that there was greatest fungal diversity on 
DG18. Fusarium infection, though highest, is comparable to the numbers of 
Acremonium and Trichoderma. The medium SFA greatly manifested its selective 
ability by the high Fusarium numbers in comparison to the other fungi and also the 
absence of less common fungi such as Arthrinium and Diplodia (although in this 
particular sample the total fusarial colony numbers were unexpectedly high-254%
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higher than on DG18). On this medium, Fusarium colonies showed a high radial 
growth rate and hence quickly covered adjacent kernels after only three days. Such a 
period however, is too short for slow growing fungi like Acremonium and for most of 
the fungi which are not only slow growing, but also slow to germinate.
MEA/5 supported a greater fungal diversity than SFA, however, this medium also 
supported a greater number of Zygomycetes, whose growth rate is much faster than 
most higher fungi and hence may cover the plates even before some fungi have the 
chance to germinate. The 1/4 strength of the ME A, though it helps to lower the growth 
rate of these zygomycetes, plating 5 kernels per plate implies that the distance between 
the kernels is small and hence adjacent kernels can easily be reached.
This experiment was then extended to the other six samples but only comparing SFA 
(S) and DG18 (D) and only using the invasive mycoflora.
The results are shown in fig 8.
After considering the advantages and disadvantages of each medium and basing 
especially on the fungal diversity observed on DG18 on samples Marondera, 
Kwekwe, and Chinhoyi, this medium was chosen as the suitable medium for 
mycofloral analysis of maize kernels for this project.
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Fig 8. Variation o f fungal recovery with medium
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3  • Incidence of Fusarium species on maize
Kernels from each sample were surface sterilised in 10% sodium hypochlorite for 10 
minutes and rinsed 3 times in sterile distilled water. 100 kernels from each sample 
were plated at 5 kernels per plate on DG18 and SNA. Plates were incubated at 25°C 
and examined after 3-7 days on SNA and 5-10 days on DG18 scoring the following: 
i) Fusarium infection
ii) other fungi
iii) germination
iv) infected and germinated kernels
where:
Fusarium infection is the total number of Fusarium colonies arising from the kernels. 
Other fungi refers to the total number of other fungi excluding the fusaria. 
Germination measures the viability, and infected and germinated kernels measures the 
relationship (if any), between fungal infection and viability.
(nb. Since it was found that one kernel could be infected by one or more fungal 
colonies, it was therefore, necessary to distinguish between kernel and fungal 
infection as used in this study. Kernel infection refers to the proportion of infected 
kernels to the total number of kernels plated out. Total fungal infection on the other 
hand is an absolute number and refers to the total number of fungal colonies isolated 
from the plated kernels Thus Kernel infection < fungal infection).
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3.1 Preliminary samples
The results of the incidence of Fusarium species of the Liseola section for the first 
nine preliminary samples in comparison with other fungi is shown on fig 9. Fusarium 
was the dominant genus on five of these samples and second dominant on the 
remaining four samples. A total of 695 isolates of Fusarium were obtained of which 
97.7% belonged to the section Liseola.
Table 2. Incidence of most frequently isolated species from Zimbabwean com 
samples collected from G.M.B centres in Chegutu, Gweru and Karoi towns
CHEGUTU
SAMPLE
GWERU KAROI
No. of kernels 300 300 300
kernel infection 210 39 71
total fungal infection 226 43 84
Fusarium 78 31 20
Penicillium ni 3 1
Aspergillus 13 2 3
Nigrospora 35 1 13
Diplodia 7 ni ni
Zygomycetes 1 ni 1
Cladosporium ni ni ni
Chaetomium ni 2 25
Acremonium 51 ni 4
Trichoderma 24 ni 11
Others 17 4 6
(nb. ni = not isolated)
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Fig 9. Incidence of Fusarium species on 
Zimbabwean corn samples collected from nine 
different G.M.B centres
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sample number
Key
1 Chegutu 4 Kadoma 7 Marondera
2 Chinhoyi 5 Karoi 8 Masvingo
3 Gweru 6 Kwekwe 9 Mutare
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Sample Chegutu
Fusarium was the dominant genus on this sample contributing 34.5% of the total 
fungal infection. Acremonium (22.6%), Nigrospora (15.4%), and Trichoderma 
(10.6%) also occurred in significant numbers (table 2). A total of 32 Fusarium 
colonies were isolated from this sample and microscopically examined and 
characterised. It was found that all the isolates could be grouped into one group 
defined by the following characters:
formation of microconidia only on monophialides
microconidia mostly single celled but occasionally single septate
microconidia oval to club shaped with a flat base
microconidial size ranging from 9.0 pm to 15.3 pm by 2.8 pm to 3.3 pm
phialide length varied from 36.8- 60.5 pm x 3.9 - 4.4 pm
Sample Gweru
Fusarium was the dominant genus on this sample contributing 72.1% of the total 
fungal infection. A total of 22 isolates were made from this sample coded Gw9 to 
Gw30. These isolates were initially separated in to two groups, viz., chain formers and 
head formers.
The chain forming isolates were as follows
Gw9, Gwl2, Gwl3, Gwl5, Gwl6, Gwl7, Gwl8, Gwl9, Gw20, Gw21, Gw22, Gw25, 
Gw28 and Gw29.
These isolates (with the exception of isolate Gw21), formed oval to club shaped and 
flat-based microconidia
microconidial size of 10.4 - 14.4 pm x 2.8 - 3.1 pm 
mostly single celled but occasionally single septate 
microconidia borne only on monophialides 
phialide length varied from 46.8 - 60.5 pm x 3.9 - 4.4 pm
Gw21
Microconidia varied from cylindrical to oval shaped with flat base.
Size varied from 10.4 pm to 14.4 pm by 2.8 pm to 3.1 pm
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microconidia were borne on both monophialides and polyphialides. 
monophialide length varied from 46.8 - 60.5 pm x 3.9 pm- 4.4 pm 
polyphialides were shorter, ranging from 23.5 pm to 35.5 pm by 3.9 pm to 4.5 pm. 
An interesting feature of this isolate was the presence of swollen parts of the hyphae 
which gave rise to a number of phialides, mostly monophialides.
Five isolates formed microconidia on false heads only. These were Gwl4, Gw23, 
Gw24, Gw26 and Gw30. These isolates could be sub-divided in to three groups. One 
group was defined by isolate Gwl4 only. The second group was made up of isolates 
Gw23, Gw27 and Gw30. The third group was made up of isolates Gw24 and Gw26.
Gwl4:
microconidia formed only on false heads 
both monophialides and polyphialides present 
microconidia cylindrical to cigar shaped;
0 septate 7.7- 11.5 pm (11.3) x 2.8- 4.0 pm (3.9)
1 septate 9.9- 19.8 pm (17.3) x 2.8- 4.0 pm (3.9)
2-3 septate 12.5- 28.3 (27.1) pm x 2.8- 4.0 pm (3.9)
Gw23, Gw27 and Gw30; 
microconidia formed only on false heads, 
microconidia having a characteristic shape 
with almost parallel sides and then tapering to one end. 
size range was 5.5 - 8.3 pm (7.9 pm) x 2.0 - 2.9 pm (2.7)
(nb This average microconidial size is significantly smaller than that of the above 
group)
Phialide length varied from 11.1 pm to 16.5 pm x 3.9-4.68 pm 
only monophialides were present
Gw24 and Gw26 
microconidia formed only on false heads.
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microconidia of two different types 
Type I
microconidia having a characteristic shape 
with almost parallel sides and the tapering to one end. 
size varying 5.5 - 8.3 pm (7.9 pm) x 1.5 - 2.9 pm (2.7). 
all non-septate.
Type II
microconidia varying from bean/kidney shaped to curved, 
varying from non-septate to up to three celled, 
size varying from 10.1 pm to 17.5 pm by 4.4 pm to 5.5 pm 
both monophialides and polyphialides present 
monophialides in greater proportions than polyphialides.
These two groups however, formed similar macroconidia
The macroconidia varied from 1 to 3 septate but were mostly single septate.
size range was 15.3 pm - 22.5 pm x 2.5 pm - 3.5 pm
Most macroconidia had a distinct foot cell and an apical cell though some seemed to 
have the two cells indistinguishable from each other, especially those with a single 
septum.
macroconidia were formed either singly, in groups or in orange sporodochia.
Sample Karoi
Chaetomium was the dominant genus on this sample contributing 30.0% of the total 
fungal infection. Fusarium (23.8%), Nigrospora (15.5%) and Trichoderma (13.1%) 
also occurred in significant numbers (table 2). All the 20 Fusarium colonies from this 
sample were subcultured and microscopically examined and characterised. These were 
numbered Kal to Ka20. Of these, isolates Kal, K ail, Kal2, Kal3 and Kal4 were 
identified as not of the Liseola section. The remaining 15 were divided into two 
groups viz., those that formed microconidia on false heads only and those that formed 
microconidia on both false heads and in chains. Out of these 15 isolates, 11 (73%),
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formed microconidia on both false heads and in chains (Ka2, Ka4, Ka5, Ka6, Ka7, 
Ka8, Ka9, KalO, Kal6, Kal9 and Ka20). These isolates were characterized by : 
formation of microconidia only on monophialides 
microconidia mostly single celled but occasionally single septate 
microconidia oval to club shaped with a flat base 
microconidial size ranging from 9.0 pmto 15.3 pm by 2.8 pm to 3.3 pm 
phialide length varied from 36.0 - 60.5 pm x 3.8 - 4.2 pm
Isolates Kal6, Ka5, Ka4 and Ka2 were characterised by the following features: 
formation of microconidia on both monophialides and polyphialides 
microconidia mostly single celled but occasionally single septate 
microconidia oval to club shaped with a truncate to flat base 
microconidial size ranging from 9.0 pm to 15.3 pm by 2.8 pm to 3.3 pm 
phialide length varied from 36.1 - 58.9 pm x 3.8 - 4.3 pm.
Two other features of this group, though not consistent, were, the presence of 
mostly triverticillate monophialides and also the presence of swollen cells giving 
rise to either monophialides or primary to secondary metulae
The other four isolates formed their microconidia only on false heads. These were 
isolates Ka3, Kal5, Kal7 and Kal8 and they were characterised by the following 
features:
microconidia borne on both monophialides and polyphialides 
microconidial shape of two different types 
Type I
all single celled
mostly borne singly but can be in a group of up to four conidia, thus forming a 
false head
pear to napiform shaped 
size 6.6 - 7.7 pm x 5.5 - 6.1 pm 
Type II
microconidia formed only on false heads
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microconidia formed on both monophialides and polyphialides 
microconidia slightly curved, cylindrical to cigar shaped
0 septate 7.7 - 11.5 pm (11.3) x 2.8 - 4.0 pm (3.9)
1 septate 9.9 - 19.8 pm (16.3) x 2.8 - 4.0 pm (3.9)
2-3 septate 12.5 - 24.3 (21.1) pm x 2.8 - 4.0 pm (3.9)
(nb. The number in brackets shows the most frequent value)
Table 3. Incidence of most frequently isolated species from Zimbabwean com 
samples collected from G.M.B centres in Chinhoyi, Kwekwe and Marondera towns.
SAMPLE
CHINHOYI KWEKWE MARONDERA
No. of kernels 300 300 300
kernel infection 213 156 147
total fungal infection 338 255 172
Fusarium 235 138 103
Penicillium 43 81 8
Aspergillus 23 22 2
Diplodia 7 5 11
Zygomycetes 1 ni ni
Cladosporium 9 ni ni
Acremonium ni ni 7
Others 3 5 2
(nb. ni = not isolated)
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Chinhoyi
Fungal contamination on this sample was very high (71% kernel infection) but it is 
also interesting to note that the kernels were still highly viable. Fusarium was the 
dominant genus on this sample and contributed 69.5% of the total fungal infection 
(table 3). 130 isolates out of 235 (55.3%), were subcultured, microscopically
examined and characterised. It was found that these isolates could be divided into 
three groups as follows:
Group 1
Made up of Cn65 and Cnll3 defined by the following characters: 
microconidia borne on both monophialides and polyphialides 
microconidial shape of two different types
Type I
all single celled
mostly borne singly but can be in a group of up to four conidia, thus forming a 
false head
pear to napiform shaped 
size 6.6 - 7.7 pm x 5.5 - 6.1 pm 
Type II
microconidia formed only on false heads
microconidia formed both monophialides and polyphialides present 
microconidia slightly curved, cylindrical to cigar shaped
0 septate 7.5 - 12.7 pm (11.3) x 2.8 - 4.1 pm (3.9)
1 septate 9.6 - 19.8 pm (17.3) x 2.8 - 4.0 pm (3.9)
2-3 septate 12.5 - 21.3 (19.1) pm x 2.8 - 4.0 pm (3.9)
Group 2
Made up of isolates Cn43, Cnl25 and Cnl29, defined by the following characters: 
formation of microconidia on both monophialides and polyphialides 
microconidia mostly single celled but occasionally single septate 
microconidia oval to club shaped with a truncate to flat base
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microconidial size ranging from 9.0 gm to 15.3 gm by 3.8 gm to 4.3 gm 
phialide size of 41.8 ± 10.4 gm by 3.7 ± 0.5 gm 
Group 3
The rest of the isolatesformed a single group defined by the following characters: 
formation of microconidia only on monophialides 
microconidia mostly single celled but occasionally single septate 
microconidia oval to club shaped with a flat base 
microconidial size ranging from 9.0 gm to 15.3 gm by 2.8 gm to 3.3 gm
phialide size of 46.8 ± 10.5 gm by 3.7 ± 0.5 gm
Kwekwe
Fungal contamination was also very high on this sample (table 3) and again Fusarium 
was the dominant genus although Penicillium occurred in a significant proportion 
(31.8%). 70 isolates out of the 138 (53.8%) Fusarium isolates were subcultured, 
microscopically examined and characterised. It was found that 32 isolates (45.7%) 
formed a single group with the following characters: 
formation of microconidia only on monophialides 
microconidia mostly single celled but occasionally single septate 
microconidia oval to club shaped with a flat base 
microconidial size ranging from 9.0 gm to 15.3 gm by 2.8 gm to 3.3 gm
phialide size of 46.8 ± 10.4 gm by 3.5 ± 0.5 gm
The second group contained 38 (54.3%) isolates which were characterised by the 
following features: 
microconidia formed only on false heads 
both monophialides and polyphialides present 
microconidia cylindrical to cigar shaped;
0 septate 7.7 - 12.5 gm (11.3) x 2.0 - 4.1 gm (3.9)
1 septate 9.9- 19.8 gm (16.8) x 2.0 - 4.1 gm (3.9)
2-3 septate 12.5- 28.3 (21.1) gm x 2.0 - 4.1 gm (3.9)
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It is interesting to note the high incidence of occurrence of the isolates that form 
microconidia only on false heads in relation to those that form microconidia on both 
false heads and in chains. This is the only site where isolates of this type, (group J2 
see later) occurred in proportions greater than the chain formers.
Marondera
As with samples Chinhoyi and Kwekwe, Fusarium was the dominant genus and 
contributed 59.0% of the total fungal infection, with the second highest, Diplodia, only 
at 6.4%. 76 (73.8%) isolates out of 103 were microscopically examined and 
characterised. All these isolatesformed a single group defined by the following 
characters:
formation of microconidia only on monophialides
microconidia mostly single celled but occasionally single septate
microconidia oval to club shaped with a flat base
microconidial size ranging from 9.0 pm to 15.3 pm by 2.8 pm to 3.3 pm
phialide size of 46.8 ± 10.4 pm by 4.5 ± 0.5 pm
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Table 4. Incidence of most frequently isolated species from Zimbabwean com 
samples collected from G.M.B centres in Kadoma, Masvingo and Mutare towns.
SAMPLE
KADOMA MASVINGO MUTARE
No. of kernels 300 300 300
kernel infection 73 44 24
total fungal infection 86 45 31
Fusarium 5 8 7
Chaetomium ni 22 10
Penicillium 71 1 ni
Aspergillus ni 7 2
Diplodia 2 1 3
Zygomycetes ni 3 1
Cladosporium ni ni 1
Acremonium 8 1 ni
Others ni 2 7
(nb. ni = not isolated)
Kadoma
This sample had a relatively low fungal infection (24.3%). Penicillium was the 
dominant genus and contributed up to 82.6% of the total fungal infection with 
Fusarium coming second but only at 9.3% (table 4). All the 8 Fusarium isolates were 
microscopically examined and characterised. They were all found to belong to one 
group characterised by the following features: 
formation of microconidia only on monophialides 
microconidia mostly single celled but occasionally single septate 
microconidia oval to club shaped with a flat base 
microconidial size ranging from 9.0 pm to 15.3 pm by 2.8 pm to 3.3 pm 
phialide size of 47.6 ±11,5 pm by 3.3 ± 0.5 pm
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Masvingo
This sample had relatively low fungal infection (14.7%). The dominant genus was 
Chaetomium, contributing 48.9% of the total fungal infection. Fusarium had the 
second highest incidence of occurrence (17.8%) though not significantly higher than 
Aspergillus at 15.6%. All the eight Fusarium species were microscopically examined 
and characterised. These isolates could be fitted into three groups as follows:
Group 1
This group was made up of isolates Msl, Ms4 and Ms6 and were defined by the 
following characters:
formation of microconidia only on monophialides
microconidia mostly single celled but occasionally single septate
microconidia oval to club shaped with a flat base
microconidial size ranging from 9.0 pm to 15.3 pm by 2.8 pm to 3.3 pm
phialide length varied from 36.0 - 60.5 pm x 3.8 - 4.2 pm
Group 2
This group was made up of the isolates Ms2, Ms 13 and Ms 15 and were defined by 
the following characters:
microconidia formed only on false heads 
both monophialides and polyphialides present 
microconidia cylindrical to cigar shaped;
0 septate 7.7 - 12.5 pm (11.3) x 2.0 - 4.1 pm (2.9)
1 septate 9.9- 19.8 pm (16.8) x 2.0 - 4.1 pm (2.9)
2-3 septate 12.5 - 28.3 (21.1) pm x 2.0 - 4.1 pm (2.9)
Group 3
This group was made up of the two isolates Ms3 and Ms5 which were defined by the 
following features: 
microconidia formed only on false heads, 
microconidia of different types
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Type I
microconidia having a characteristic shape 
with almost parallel sides and the tapering to one end. 
size varying 5.5 - 8.3 pm (7.9 pm) x 2.5 - 3.9 pm(3.7). 
all non-septate.
Type II
microconidia varying from bean/kidney shaped to curved, 
varying from non-septate to up to three celled, 
size varying from 10.1 pm to 17.5 pm by 4.4 pm to 5.5 pm 
both monophialides and polyphialides present 
monophialides in greater proportions than polyphialides.
Mutare
This sample also showed a relatively low fungal infection (8.0%) as compared to 
samples from e.g., Chinhoyi and Marondera. Chaetomium showed the highest 
incidence of occurrence (32.3%) which was however, not significantly different from 
Fusarium which came second at 22.6%. All the seven Fusarium isolates were isolated 
and examined. It was found that these isolates formed four different groups as 
follows:
Group 1
This group was made up of isolate Mtl and had the following characters: 
formation of microconidia only on monophialides 
microconidia mostly single celled but occasionally single septate 
microconidia oval to club shaped with a flat base 
microconidial size ranging from 9.0 pm to 15.3 pm by 2.8 pm to 3.3 pm 
phialide length varied from 33.0 - 55.5 pm x 3.8 - 4.2 pm
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Group 2
This group was made up of the three isolates Mt3, Mt5 and Mt7 and were 
characterised by the following features:
Microconidia varied from cylindrical to oval shaped with flat base.
Size varied from 10.4 pm to 14.4 pm by 3.8 pm to 4.1 pm 
microconidia were borne on both monophialides and polyphialides. 
monophialide length varied from 46.8- 60.5 pm x 3.9 pm- 4.4 pm 
polyphialides were shorter, ranging from 23.5 pm to 35.5 pm by 3.9 pm to 4.5 
pm
an interesting feature of these isolates was the presence of swollen parts of the 
hyphae which gave rise to a number of phialides, mostly monophialides
Group 3
This group composed of the isolates Mt4 and Mt6 which had the following features: 
microconidia formed only on false heads 
both monophialides and polyphialides present 
microconidia cylindrical to cigar shaped;
0 septate 7.7 - 12.5 pm (11.3) x 2.0 - 4.1 pm (2.9)
1 septate 9.9 - 19.8 pm (16.8) x 2.0 - 4.1 pm (2.9)
2-3 septate 12.5 - 28.3 (21.1) pm x 2.0 - 4.1 pm (2.9)
Group 4
This group had only one isolate, isolate Mt2 which had the following features: 
microconidia formed only on false heads, 
microconidia of different types 
Type I
microconidia having a characteristic shape 
with almost parallel sides and the tapering to one end. 
size varying 5.5 -8.3 pm (7.9 pm) x 2.5- 3.9 pm (3.7). 
all non-septate.
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Type II
microconidia varying from bean/kidney shaped to curved, 
varying from non-septate to up to three celled, 
size varying from 10.1 pm to 17.5 pm by 4.4 pm to 5.5 pm 
both monophialides and polyphialides present 
monophialides in greater proportions than polyphialides.
A close examination of these nine preliminary samples revealed a characteristic pattern 
in the distribution of Fusarium species of the Liseola section. Within this section, the 
occurrence of the different groups seemed to be influenced by the geographical origin 
of the maize sample. It was observed that species that form microconidia on both 
false heads and chains were dominant in the northerly parts of the country (samples 
from Chinhoyi, Karoi, Chegutu, Marondera and Kadoma), whereas species that form 
microconidia on false heads only occurred in similar proportions to those that form 
microconidia on both false heads and in chains in the central and southern parts of the 
country (samples from Kwekwe, Gweru, Masvingo and Mutare).
An attempt was therefore made to verify these results and that formed the basis of the 
experimental design of the second sample collection.
3.2 Second Sample analysis
Midlands sample
Fusarium species of the section Liseola and the related species formed the dominant 
mycoflora on 15 out of the 20 samples analyzed and out of these 15 samples, these 
fungi occurred in frequencies higher than all the other fungi grouped together in 11 
of the samples (figs 10, 11 and 12, table 5, 6 and 7 and appendix B). A total of 1487 
fungal colonies were counted and 706 were found to be of fusaria of the Liseola 
section.
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Fig 11. Incidence of Fusarium species of the Liseola 
section on corn samples from the Midlands area
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Samples Kwl to Kw5 (table 5), were collected from communal farmers in the 
Chinamasa village of Chiwundura. Fusarium was clearly the dominant genus on 
samples Kw3 (88.4%), Kw4 (85.0%) and Kw5 (37.1%). It occurred in similar
Table 5. Mycoflora infection of maize kernels collected from Chinamasa village.
Kwl Kw2
SAMPLE
Kw3 Kw4 Kw5
Fusarium 8 12 84 83 36
Acremonium ni ni ni ni ni
Alternaria ni 13 ni ni 2
Aspergillus ni ni ni ni 25
Chaetomium 5 ni ni ni ni
Cladosporium ni ni ni ni ni
Curvularia ni 6 ni ni ni
Diplodia ni ni ni ni ni
Nigrospora 7 ni ni 5 ni
Penicillium ni ni ni 1 1
Rhizopus ni 1 ni ni 28
zygomycetes (others) 3 ni 4 3 ni
(nb. ni = not isolated)
proportions with Nigrospara (21.2%) on sample Kwl and with Alternaria (37.1%) on 
sample Kw2. There was no correlation between fungal infection and germination as 
shown on figure 13a, 13b, 14a and 14b. Aspergillus and Rhizopus occurred in high 
proportions of 25.8% and 28.9% respectively on sample Kw5.
Samples Kw6 to KwlO (table 6.), were collected from the communal farmers in 
Gambiza village. Fusarium species of the Liseola section formed the dominant flora
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Fig 13a. Effect of Fusarium on germination on samples 
from the Midlands area
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Fig 14a. Effect of'total other fungi' on germination of corn 
kernels from the Midlands area
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on samples Kw6 (46.3%), Kw7 (74.1%) and still dominant though not significantly 
different from Aspergillus (15.4%) and Penicillium (15.3%) on sample Kw8 (nb. This 
sample had relatively low fungal infection of only 13%). Fusarium however, was not 
isolated from samples Kw9 and KwlO. Penicillium was the dominant genus on sample 
Kw9, forming up to 50% of the fungal flora whereas Rhizopus (45.5%) and
Table 6. Mycoflora infection of maize kernels collected from Gambiza village.
SAMPLE
Kw6 Kw7 Kw8 Kw9 KwlO
Fusarium 56 43 3 ni ni
Acremonium ni ni ni ni ni
Alternaria 1 5 ni ni ni
Aspergillus 20 ni 2 3 11
Chaetomium ni ni ni ni ni
Cladosporium ni ni 1 2 1
Curvularia ni 3 ni ni ni
Diplodia 1 ni ni ni ni
Nigrospora 2 2 ni ni ni
Penicillium ni ni 2 5 ni
Rhizopus 23 2 ni ni 15
zygomycetes (others) ni ni ni ni ni
(nb. ni = not isolated)
Aspergillus (33.3%) occurred in significant proportions on sample KwlO. Germination 
was high on all samples with the exception of sample Kw6 which had Aspergillus and 
Rhizopus in proportions of 16.5% and 19.0% respectively.
Samples Kw ll to Kwl5 (table 7 ) were collected from the communal farmers in the 
Mtengwa village of Chiwundura. Fusarium species of the Liseola section formed the
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dominant flora on samples Kw ll (73.0%), Kwl2 (66.4%) and Kwl4 (54.7%). 
Aspergillus however, was the dominant genus (55.1%) on sample Kwl3 with 
Fusarium coming second at 17.4%. Aspergillus and Alternaria were co-dominant 
(31.0%) on sample Kwl 5 and no Fusarium species were isolated from this sample.
Table 7. Mycoflora infection of maize kernels collected from Mtengwa village.
SAMPLE
Kwll Kwl2 Kwl3 Kwl4 Kwl5
Fusarium 92 71 12 82 ni
Acremonium ni 2 ni ni 3
Alternaria ni ni ni ni 9
Aspergillus 18 4 38 33 9
Chaetomium ni ni ni ni ni
Cladosporium ni ni ni ni ni
Curvularia ni ni ni ni ni
Diplodia ni 2 ni 23 ni
Nigrospora ni 8 ni 1 2
Penicillium ni ni ni ni ni
Rhizopus ni ni ni ni ni
zygomycetes (others) 2 3 8 ni ni
(nb. ni = not isolated)
Samples Kwl 6 to Kw20 were collected from the communal farmers in the Gambiza 
village of Chiwundura. Fusarium species of the Liseola section were dominant on all 
these five samples. These fusaria accounted for 97.1% of the fungal infection on 
sample Kwl6, 61.4% on sample Kwl7, 64.4% on sample Kwl8 55.9% on sample 
Kwl 9 and 61.8% on sample Kw20.
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The three samples, KwA, KwB and KwC (table 8.), were collected from the G.M.B 
centre in Kwekwe. In all the three samples, Fusarium species of the Liseola section 
formed the dominant mycoflora, contributing 51.6% on sample KwA, 74.3% on 
sample KwB and 43.5% on sample KwC, figl2. All the kernels from these samples 
were highly viable, Fig 13a, 13b, 14a and 14b.
Table 8. Mycoflora infection of maize kernels collected from Chinhoyi G.M.B centre
KwA
SAMPLE
KwB KwC
Fusarium 33 55 20
Acremonium 1 6 2
Alternaria ni 2 ni
Aspergillus 2 2 7
Chaetomium ni ni ni
Cladosporium ni ni ni
Curvularia ni ni ni
Diplodia 1 ni ni
Nigrospora 2 1 2
Penicillium ni ni ni
Rhizopus 1 1 ni
zygomycetes (others) 2 3 2
(nb. ni = not isolated)
Mashonaland West samples
A total of 1334 fungal isolates were counted from a total of 21 samples and 779 
colonies were found to be Fusarium species of the section Liseola (figs 15a, 15b, 16 
and 17, and appendix C). Fusaria of this section were the dominant species on 11 out 
of the 21 analyzed samples.
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Fig 15a. Incidence of Fusarium species of the Liseola 
section on corn samples from Mashonaland West area.
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Fig 15b. Incidence of Fusarium species of the Liseola 
section on corn samples from Mashonaland West area.
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Fig 16. Incidence of Fusarium species of the Liseola 
section on corn samples from Mashonaland West area.
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Fig 17. Incidence of Fusarium species of the Liseola 
section on corn samples from Mashonaland West area.
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Samples Cnl to Cn5 were collected from the same village in Chinhoyi. Their results 
for mycofloral infection and incidence of Fusarium species are shown on fig 15, table 
9 and appendix C.
Table 9. Mycoflora infection of maize kernels collected from the same village in 
Chinhoyi.
Cnl Cn2
SAMPLE
Cn3 Cn4 Cn5
Fusarium 50 14 9 71 73
Acremonium ni 51 ni ni ni
Alternaria ni 5 ni ni ni
Aspergillus 11 ni 43 ni 21
Botrytis ni 7 ni ni ni
Chaetomium ni 22 ni ni ni
Trichoderma 1 11 ni ni ni
Cladosporium ni 13 ni ni ni
Curvularia ni ni ni ni ni
Diplodia ni 9 ' ni 1 ni
Penicillium 9 ni ni 2 ni
zygomycetes 2 1 ni ni ni
(nb. ni = not isolated)
Fusarium species of the Liseola section were dominant on samples Cnl (58.1%), Cn4 
(87.7%) and Cn5 (75.3%). Samples Cn2 and Cn3 were dominated by Acremonium
A spzrq; /hZ
a which contributed up to 35.9% and 58.1% respectively (table 9). Fusarium only 
formed 9.9% of the fungal flora on sample Cn2 and 12.2% on sample Cn3.
Samples Cn6 to CnlO were collected from communal farmers within the same village 
in Chinhoyi. Results of the mycofloral analysis of these samples are shown of fig 15,
table 10, see also appendix C.
Table 10. Mycoflora infection of maize kernels collected from the same village in 
Chinhoyi.
SAMPLE
Cn6 Cn7 Cn8 Cn9 CnlO
Fusarium ni 3 7 5 5
Acremonium 11 ni 11 23 ni
Alternaria ni ni ni ni ni
Aspergillus ni 3 23 ni 43
Botrytis ni ni ni ni ni
Chaetomium ni ni 3 ni ni
Trichoderma ni 9 ni ni ni
Cladosporium ni 7 ni ni ni
Curvularia ni 8 ni ni ni
Diplodia ni 12 ni ni 2
Nigrospora 91 13 ni ni ni
Penicillium ni 2 ni ni 6
zygomycetes ni ni ni ni ni
(nb. ni = not isolated)
None of these samples had Fusarium as the dominant genus. Sample Cn6 was almost 
solely infected by Nigrospora, contributing up to 85.8 % of the mycofloral infection 
with no Fusarium species isolated from this sample. On sample Cn7, Diplodia, 
Nigrospora, Trichoderma, Curvularia and Cladosporium (table 10) occurred in similar 
proportions, with Fusarium only at 4.5%. Samples Cn8 and CnlO were dominated by 
Aspergillus species, forming 41.1% and 63.2% respectively. Sample Cn8 was also 
highly insect infested ( grain weevils of the genus Cytophillus).
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Samples Cn 11 to Cnl5 were also collected from communal farmers within the same 
village in Chinhoyi. The results of the mycofloral analysis are shown on fig 16 and 
table 11.
Table 11. Mycoflora infection of maize kernels collected from the same village in 
Chinhoyi.
Cnll Cnl2
SAMPLE
Cnl3 Cnl4 Cnl 5 Cnl 6
Fusarium 100 75 31 48 7 14
Acremonium ni ni ni ni ni 6
Alternaria ni ni ni ni ni ni
Aspergillus ni ni ni 77 ni 8
Botrytis ni ni ni ni ni ni
Chaetomium ni ni ni 11 ni ni
Trichoderma ni ni ni ni ni ni
Cladosporium ni ni ni ni ni ni
Curvularia ni ni ni ni ni ni
Diplodia ni ni ni ni ni 9
Nigrospora ni ni ni 11 ni ni
Penicillium ni ni ni 12 ni 4
Other fusaria ni 2 4 ni ni ni
zygomycetes 3 ni ni ni ni 3
(nb. ni = not 
isolated)
Four of the five samples were dominated by Fusarium species of the Liseola section. 
On sample Cn 11, Fusarium species formed 97.1% of the invasive mycoflora. Only 
three colonies of zygomycetes were isolated from this sample in addition to the 
fusaria. On sample Cnl2, Fusarium was again the dominant genus, contributing up to
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92.6%. Other fungi isolated from this sample were two non-Liseola fusaria and four 
other unidentified fungi. Sample Cnl3 had four colonies of non-Liseola fusaria in 
addition to the fusaria of the Liseola section which formed 75.6% of the fungal flora 
of this sample. Sample Cnl5 had a large diversity of fungal colonies but all in low 
proportions and Fusarium dominated at3i.3%. Sample Cnl4 however, was dominated 
by Aspergillus species (47.5%) with Fusarium coming second at 29.6%.
Samples Cnl6 to Cn21 were collected from within the same village in Chinhoyi and 
from red loam soil. Fusarium species of the Liseola section formed the dominant 
mycoflora on samples Cnl6 (40%), Cnl7 (75.6%), Cn20 (96.1%) and Cn21 (82.4%). 
Samples Cnl8 and Cnl9 had very low fungal infections (6% and 8% respectively). 
Samples CnA, CnB and CnC (fig 19), which were collected from the G.M.B centre 
in Chinhoyi, were dominated by Fusarium species of the Liseola section forming 
84.5%, 71.4% and 78.0% of the fungal flora respectively.
Viability was relatively high on most of the samples and there was no observed 
relationship between fungal infection and germination (figs 13a, 13b, 14a, 14b, 18a, 
18b, 19a and 19b).
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Fig 18a. Effect of Fusarium infection on kernel 
germination for samples from the Mashonaland West area
// Germination
/k JyX j//  Fusarium
1 2 3 4 5 6 7 8 9 10 11 12 13
Sample number
Fig 18b. Effect of Fusarium infection on kernel 
germination for samples from the Mashonaland West area
y /  Germination 
/ /  Fusarium
14 15 16 17 18 IS 20 21 Cn Cn Cn
A B C
Sample number
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Fig 19a. Effect of Total other fungi' on kernel germination 
for samples from the Mashonaland West area
x Germination 
Other fungi
1 2 3 4 5 6 7 8 9 10 11 12 13
Sample number
Fig 19b. Effect of Total other fungi1 on kernel germination 
for samples from the Mashonaland West area
/  Germination 
Other fungi
14 15 16 17 18 19 20 21 Cn Cn Cn
A B C
Sample number
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3.3 DISCUSSION
The results of this study showed that there was a high incidence of Fusarium infection 
by species of the section Liseola on maize from different parts throughout Zimbabwe, 
although at some sites, Acremonium, Chaetomium, Nigrospora and Aspergillus 
dominated. Differences in the incidence of these pathogenic fungi from the different 
sites may be related to climatic conditions such as rainfall, temperature and humidity 
during and after harvesting and during storage (Wyllie and Morehouse 1977, 
Christensen 1970). It may also be related to genetic factors such as differences in 
susceptibility of maize cultivars to infection by different pathogens and edaphic factors 
such as soil-type and pH (Headrick and Pataky 1989, 1991, Leslie et al. 1990, 
Headrick et al. 1990, King and Scott 1981, Warren 1978, Rothwell 1980, ). Other 
factors also include maize kernel damage by birds, prevalence of insect vectors such 
as the stalk borer, weevils and nutritional factors such as the influence of soil fertility 
and nutrient imbalance on the susceptibility of host to fungal invasion (Christensen and 
Schneider 1950, Gilbertson et al. 1985, Palmer and Kommedahl 1969 Rupe 1988, 
Sumner and Hook 1985 and Young and Kucharek 1977).
The occurrence of the different fungi may be related to the climatic conditions that 
prevailed during the 1989/91 and the 1991/92 seasons at the different sites. According 
to Marasas (1977) and Wyllie and Morehouse (1977), extended rainy seasons are ideal 
for F. graminearum whereas another study by Marasas et al. (1981), showed that F. 
moniliforme occurs with maximum frequency in the warmest and driest areas. 
Infection by most of these fungi, especially F. moniliforme, is largely influenced by 
the degree of grain damage due to insect vectors such as the stalk borer-Busseola 
fusca and birds (Christensen and Schneider 1950). Kernel damage may also occur 
during shelling. Most communal farmers shell their maize ears by rubbing against a 
rough surface such as a stone or by hitting with heavy sticks (pers. comm.). This, 
undoubtedly damages the kernels, and thus, aids fungal attack especially by storage 
fungi.
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The prevalence of F. moniliforme on maize kernels has been similarly reported in 
other maize growing areas such as the Plateau state of Nigeria (Gbodi 1986), Transkei- 
Republic of South Africa (Marasas et al 1972, 1979), North Carolina (Nelson et al 
1956), United States (Steyn et a l  1978) Zambia and South Africa (Marasas et al 1978 
and 1981 respectively) .The change in grain ecosystem observed between the harvest 
and storage period is most likely due to the change from an environment controlled 
by diurnal fluctuation in weather to the more uniform and stable conditions in grain 
stacks in which conditions are chiefly governed by the availability of water in the 
grain. The great diversity of mycoflora within a given area suggests that most fungi 
are seed-borne pathogens and grain play an important role in the transmission of these 
pathogens to next generation seedlings and to the soil. Harvest also redistributes fungal 
inoculum in the grain and therefore introduces further inoculum within a given bulk. 
Care should be taken during drying, since rapid drying produces fine cracks on maize 
kernel walls (Lacey and Magan 1991) and this would provide an easy passage of fungi 
into the substrate.
Prevention of damage by fungi is an important element in the safe storage of any 
commodity. The ripe cereal grain as a dormant fruit has no appropriate protective layer 
or effective compounds to defend against microbial colonisation (Schmidt 1991). The 
caryopsis consists of relatively thin walled cell layers in the exocarp, with fine walls 
within the endosperm and the embryo. Also, it is an attribute of the intact, health grain 
that it easily absorbs moisture when exposed to moist air. This allows these substrate 
water depending micro-organisms to colonize the kernel surface relatively quickly and 
thereafter the interior of the caryopsis (Schmidt 1991). Kernel invasion by fungi may 
occur at different times and sites. It can take place at any one of the following:
i) When the crop is still in the field, prior to harvest and up to maturity.
ii) At, during and after harvesting.
iii) During drying.
iv) In storage
v) During transit and processing.
(Schimdt 1991, Christensen and Kauffmann 1969)
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During storage, a number of factors may be responsible, for example, insufficiently 
dried com is highly susceptible to fungal attack. Also, previously well dried 
commodities may reabsorb moisture through contact with air above 70% RH, damp 
walls or floors and through contact with free water that may be due to either spillage, 
leaks or condensation due to water vapour translocation along temperature gradients 
in the commodity within a given stack. Temperature differences may occur within a 
given grain stack. This may result in rapid transfer of moisture from warmer to cooler 
areas. When warm air reaches a cool region, it gives up moisture to maintain its 
equilibrium, which can then be absorbed by grains. Though this moisture interchange 
usually takeiplace in the vapour phase, under extreme temperature differences, the 
warm air may be cooled below the dew point and water will condense on the surface 
of the grains. To maintain an equilibrium, grains will absorb the water and this will 
result in an increase in grain moisture content. This will, in turn, aid even the so-called 
field fungi to colonise these grains.
Traditionally, cereal fungi have been grouped into two main groups viz field and 
storage fungi. Field fungi are generally defined by requiring an aw above 0.93 
(equivalent to a moisture content of 22-25% (wet weight). These fungi are thought to 
die out during drying and storage since they can not survive under conditions of low 
moisture content. In an ecological succession, the so-called storage fungi, notably 
Aspergillus and Penicillium invade the grain after harvest, during drying and during 
storage.These fungi are known to be able to survive even at low water activities of
0.70. Within the aspergilli, different groups are believed to colonise in succession from 
the A. restrictus and A. glauclis group which need an equilibrium relative humidity 
between 78% and 80%, followed by A. candidus, A. ochraceus, A. versicolor, A. 
flavus and Penicillium species.
Such a theory would be good enough to explain the results observed at the lV2 years 
Kadoma grains where Penicillium constituted 83.5% of the total fungal infection with 
Fusarium, Acremonium and Diplodia (field fungi) at 5.9%, 2.4% and 9.4% 
respectively. Samples from Masvingo and Mutare showed Chaetomium as the
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dominant fungi. Chaetomium may be considered as ’halfway' between storage and field 
fungi. This would tie-up well with the traditional classification since these samples had 
been stored only for an approximate period of one year.
However, in practice this type of fungal classification may not be so well defined due 
to a number of factors. In this project, Fusarium species, which are traditionally 
referred to as typical field fungi were still the dominant group even after a storage 
period of up to two years. The samples from Kwekwe G.M.B (2 years), Chinhoyi (lV2 
years) and the one from Marondera G.M.B (1 year) help to clarify this point. At all 
these three sites, Fusarium species (Liseola section) were highest, 61%, 69.5% and 
47.8% respectively, with Penicillium and Aspergillus species only at 13.3% and 7.1% 
at Chinhoyi, 33.7% and 8.6% at Kwekwe and only 8.0% and 2.0% at Marondera. 
Thus the classification of grain spoilage fungi into field and storage fungi has its own 
weaknesses, the main one being that its definition is based on factors that are 
themselves variable and dependent on other factors too. For example, storage 
conditions vary and depend on other factors such as temperature, relative humidity, 
oxygen availability, moisture content of the grains, both in the surrounding and as 
localised changes. Thus, it is possible to find conditions, general or localised within 
a storage stack, which just resemble the would-be conditions in the field and hence the 
so-called field fungi would flourish under the so-called storage conditions. This may 
be the situation that could have occurred at the G.M.B.s at Chinhoyi, Kwekwe and 
Marondera.
However, a more complex situation may have occurred whereby different types and 
groups of fungi may have succeeded one another in an ecological succession caused 
by environmental changes or by the effect on the environment by the presence of other 
organisms. For example, it could be the case that when these grains were stored 
initially,they had quite a low water content but just enough to support at least the 
spore germination of the A. glaucus and A .restrictus group. Due to the metabolic 
activities of these fungi, factors such as moisture content (and hence water activity) 
of the grain, temperature and humidity would increase and in an ecological succession,
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the 'storage fungi' would be out-competed by the 'field fungi' depending on the 
prevailing conditions. Thus growth and development of these fungi would result in 
the modification of the environment and grain structure thereby aiding further 
colonisation by other fungi.
A general overview of the mycology of cereal grain and cereal products has been 
excellently outlined by Moss (1991). In this paper, he describes the whole range of 
fungal groups involved in the spoilage of cereals from the lower fungi through to the 
Basidiomycetes and the Deuteromycetes. One of the most important points to note in 
this paper, is the explanation of the possible evolution of fungi from the aquatic to the 
increasingly terrestrial environment and subsequent adaptation to low water activity. 
It is according to these water requirements that mycologists have grouped fungi into 
field and storage fungi. In this paper, Moss provided with a table for the minimum 
water activity allowing growth of some of the Aspergillus, ranging from 0.85 (A. 
niger) down to 0.65 (A. chevalieri). The importance of this table lies in the fact that 
it shows the most likely ecological fungal succession during cereal drying. This, in its 
simplest form, could be used to deduce the prevailing storage conditions simply by 
analysing the cereal mycoflora .
Fungal hyphae often use natural openings to begin an attack and to overcome their 
substrates. The first symptoms are usually not visible by the naked eye, but as 
colonisation proceeds, more or less distinct changes begin to develop, such as the 
changes in colour, odour and form (Christensen and Kauffmann 1969). Fissures may 
develop in dead outer layers of the grain wall especially when wet kernels become dry 
and their walls and hulls shrivel (Schmidt 1991). Where the pericarp is stressed, the 
contracting, wrinkling parts may produce fine cracks which offers an easy passage for 
fungal invasion. The hilum may also render a possibility to invading hyphae (Schmidt 
1991). Besides these passive preformed ways, some fungi can actively invade tissues 
and cells of intact kernels. Enzymatic and growth potentials of the mycelium enable 
certain species of field and storage fungi to penetrate the kernel wall, break the testa, 
destroy the embryo and break down the starch granules in the endosperm. Invasion of
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the endosperm does not only depend on the growth rate of the attacking organisms, 
but also upon its competition with other species, including bacteria, its enzymatic 
properties, the production of other metabolic compounds and hyphal pressure against 
the tissue colonised (Schmidt 1991). Freshly harvested grains are usually contaminated 
by both field and storage fungi. Which one of these grow is determined by the 
prevailing conditions especially by interaction between the water activity and 
temperature, and these will affect the ability of the fungi to germinate, grow, be 
metabolically active and sporulate. Since a grain, at any one time may be contaminated 
by a number of micro-organisms, either superficially or internally , depending on 
prevailing conditions, a range of interspecific interactions take place, ranging from 
mutual intermingling, through mutual inhibition to dominance by individual species. 
The success of an individual will therefore depend on its ability to compete under the 
defined environment. For example, in an experiment by Ayerst (Lacey and Magan 
1991), the slow growing P. brevicompactum and P  hordei gave the highest ID 
(dominance index) scores of the Penicillium species tested at 0.98 and 0.95 aw while 
A.candidus and A. nidulans gave high scores at 30°C. However, experiments with the 
same fungi on autoclaved wheat produced quite different results.
It is generally recommended that produce should be stored at or below its maximum 
safe storage moisture content. This is defined as that which is in equilibrium, at a 
given temperature, with an atmospheric relative humidity of 70%. This value depends 
on temperature and is different for each type of commodity, for example, at 25°C 
maize should at least be 13.5% moisture content or lower, 7.0% for groundnuts, 11- 
12% for cottonseeds and 9-11% for soya bean (Christensen and Kauffmann 1969). 
Generally these values fall by 0.5% for every 10°C rise in temperature. Thus, tropical 
countries like Zimbabwe implies that maize should be stored at a lower moisture 
content than in temperate countries and hence climatic conditions in such countries 
often provide ideal conditions for rapid fungal growth because of the prevailing 
humidity and temperature. Also, within a given grain bulk, temperature difference can 
result in moisture re-distribution a factor which may account for the observed localised 
fungal growth almost always associated with cereal mycoflora.
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Damage by fungi may result in any one of the following:
i) Decrease in viability
ii) Discolouration of part or the whole kernel
iii) Various biochemical changes which may be manifested by colour changes texture
or loss of flavour
iv) loss of weight
v) direct loss when food is visibly too mouldy to eat
vi) caking in grain which may result in handling and processing difficulties 
(Christensen and Kaufmann 1969, Wyllie and Morehouse 1977, Schmidt 1991,
Chelkowski 1991)
After their colonisation, fungi may cause losses in dry matter through their utilisation 
of carbohydrate reserves. They also cause loss of quality by destroying germination, 
and grain quality through their ability to produce mycotoxins and through the 
utilisation or alteration of proteins, lipids and other reserves, thereby decreasing the 
nutritional value and digestibility (Lacey and Magan 1991).
Perhaps the most important factor limiting cereal-grain colonisation by fungi is 
available water. This determines whether a fungal spore will germinate and how 
quickly, determines its metabolic rate, growth rate and respiratory activity. It also 
determines what kind of micro-organisms can grow at a particular time and 
temperature. Grain initially containing 12.6% water (0.60 aw) has been stored 
experimentally for up to 16 years (Lacey and Magan, 1991). At this water activity, 
most fungi have been reported to die out within two years. However, germination of 
grain too has been reported to decrease at an aw below 0 .60, even below the limit for 
growth of all micro-organisms.
Besides environmental conditions, fungal colonisation of grains may be aided by other 
factors such as insects, mites and bird. When insects or mites are present in grain 
stack, they can release water through respiration and, as a result, may cause moisture 
migration and redistribution. They can also create favourable conditions for fungal
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growth by spontaneous heating of the grains and, probably the most important factor, 
damage the grain through their feeding habits and hence provide sites for fungal 
penetration. In addition to these factors, insects, mites or birds may carry spores either 
internally (inside their guts) or externally (on hairs,mouthparts or ovipositors) and their 
faecal contaminants may provide as substrate for initial colonisation.
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4 CHARACTERIZATION OF FUSARIUM  ISOLATES FROM MAIZE
4.1 Initial isolation
Fusarium species of the section Liseola were isolated directly onto PSA from maize 
kernels plated on DG18. Rapid identification of these species was aided by observing 
the presence of microconidial chains or false heads under low power microscope. The 
isolated cultures were then single spored onto a number of different media for further 
study
4.2 Purification- single sporing
1. A drop of water was placed onto a sterile slide
2. By means of a needle (wet at the end), spores were obtained from aerial mycelia 
(or sporodochium where present).
3. The tip of the needle was introduced to the, sterile drop of water under the 
dissecting microscope until the |spores~arej just begin6 to turn milky/cloudy. V
4. By means of a sterile loop, the suspension was streaked onto a new petridish 
containing the appropriate medium- usually PSA or oatmeal agar (OA, see appendix 
A for medium composition)
5. The plates were incubated at 25°C for 12-16hrs.
6. Colonies that developed to about 1mm were isolated onto new media by means of 
a sterile pasteur pippette.
4.3 Morphological characterization
Potato Sucrose Agar (PSA), was used for measuring linear growth. Colonies were 
allowed to develop from single spores for 16hrs and the diameter measured on the 
reverse after a further 3, 4 and 5 days incubation. Aerial mycelial development was 
described as generally abundant, loosely pannose, white to buff, pink-vinaceous, 
greyish-ochre, blue-violet, flat-growing, whitish to pale pink or simply whitish. 
Substrate pigmentation was also described on this medium. Colour descriptions, based 
on the Methuen Hand Book of Colours (1978), were made after 14 days incubation 
at 25°C under light.
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Potassium Chloride Agar (2% WA containing 6g KC1) was used for quick separation 
between isolates that form microconidia on false heads only and those that form both 
false heads and chains. This medium was used to distinguish the isolates that form 
only monophialides from those that form both monophialides and polyphialides
Carnation Leaf Agar (CLA) was used mainly for conidial morphology description. 
Colonies developed from single spores were transfered onto CLA, incubated for 5-14 
days and examined for shape and size of micro- and macroconidia, presence or 
absence of sporodochia, microconidial chains or false heads, morphology and size of 
phialides (mono- or polyphialides, short < 12pm, medium 15 < p < 35 pm and long 
phialides ca 60 pm. The plates were further incubated and examined after 3, 5 and 7 
weeks for chlamydospore development.
4.4 Separation of isolates by morphological characters.
Using a number of characters, a classification scheme was developed. This scheme 
ideally contained 12 groups which were formed from all possible combinations of 
characters and were designated A to L as shown on table 12.
Table 12. A tabulated scheme for separating isolates by morphological features.
LONG SHORT FALSE HEADS
CHAINS CHAINS ONLY
MONOPHIALIDES A E I
CHSPORES -
POLYPHIALIDES B F J
MONOPHIALIDES C G K
CHSPORES +
POLYPHIALIDES D H L
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Key
CHSPORES-, = chlamydospores absent 
CHSPORES+, = chlamydospores present
Further separation was achieved by microconidial shape and size as follows:
Group 1: Oval to club-shaped, truncate to flat based microconidia. Mostly single 
celled but occasionally single septate.
2: Fusiform, cylindrical to cigar-shaped microconidia, without a flat base.
Septation varying from 0 to 3.
3: Presence of pear-shaped to globose microconidia, usually in addition to 
fusiform, cylindrical to cigar-shaped microconidia, without a flat base. 
These type of conidia may, but rarely, be associated with oval to club- 
shaped, truncate to flat based microconidia 
4: Presence of large globose, napiform, basketball-like microconidia, 
usually in addition to fusiform, cylindrical to cigar-shaped microconidia, 
without a flat base.
5: Presence of bean/kidney shaped to curved microconidia, allantoid to 
irregular shaped microconidia, varying from non-septate to three septa, 
together with small (5.5 - 9.0 pm) cylindrical to fusiform microconidia.
e.g., An isolate that forms microconidia in false heads only, forms chlamydospores, 
produces microconidia on both monophialides and polyphialides and forms fusiform, 
cylindrical to cigar-shaped microconidia, without a flat base, septation varying from 
0 to 3 together with globose, pear shaped microconidia would be designated 
DXnL3
where D is the isolate number of that sample,
X is the place of isolation, 
n is the sample number 
Thus, the 14th isolate from sample 5 collected from Kwekwe which fits the above 
description would be coded
14Kw5L3
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5.0 The study of the morphological characters.
5.1 Growth rates
The growth rates (table 12) of the species of the Liseola section at 25°C on PSA 
showed to be more or less similar and showed a great overlap between the different 
groups, ranging from 12.25 mm/day to 19.00 mm/day.
Table 12. Linear growth rate of some isolates of the Liseola section on PSA, after 3-5
d a y S  (  = rrvGc\f\S OF 5  re >^\Ce"«=vVe S ) ,
ISOLATE NO
----------------------------
ISOLATE CODE
.............. "
GROWTH RA I L mm/day
Ms4 J5 15.00
Gw26 J5 15.75
Ka9 Al 16.25
Kal7 J3 12.00
Kal8 J3 14.50
CnllO Al 15.00
Cnl23 Al 16.50
Cn69 Al 15.75
Gw30 B1 18.00
Gwl4 J2 12.75
Gw24 B1 12.00
Gw23 J2 15.50
Kw20 J2 15.75
Kw9 Al 19.00
Kw51 J2 14.00
Kw8 Al 17.25
Kw34 J2 15.75
Kw5 J2 12.25
Mt5 Al 13.75
Ch30 B1 14.50
Kd3 Al 15.75
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5.2 Substrate and colony pigmentation
5.2.1 Introduction
Pigmentation has been applied in distinguishing some fungi, e.g., F  solani and F  
solani var coeruleum (Hurst personal communication). An attempt to apply substrate 
and colony pigmentation to delineate taxa within the section Liseola (= 
Moniliforme) has been done (Chen 1991), but only with a small population. 
Variation of pigmentation was therefore explored using a large population of 
isolates and a wider range of taxa within the Liseola section.
5.2.2 Method
Studies on substrate and colony pigmentation were carried out following the
\
procedure outlined dn section 4.3 'u
5.2.3 Results 
Substrate pigmentation
Nine groups (table 13 and figs 20a and 20b) of colours could be recognised 
ranging from unpigmented (dull wine yellow) to the dark, reflective violet brown or 
bluish grey colours. However, the different pigmentations did not correlate with the 
different groups. It was found that a number of isolates, even after single sporing, 
produced different pigment colours at different times. As in F  oxysporum, these 
pigments were also pH sensitive and were generally orange-brown in an acidic 
medium and violet to purple in an alkaline medium. Pigmentation was also found 
to become deeper earlier at 20°C than at 25°C. Only one group, J5, was consistent 
in producing non-pigmented colonies with hardly any aerial mycelia.
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Table 13. Variation of substrate and colony pigmentation in the Liseola section.
ISOLATE NO COLOUR DESCRIPTION
Ms2;Cnll3;Msl Greyish magenta to dull violet-dark purple 
14F4, 15E4 (a colour between purplish red 
and purplish grey.
Mo5 Dark violet to dark purple. 15F5 14F4
Mo2;Chll;Ch34 Dull yellow with shades of purple pigmentation 
intensifying with time. Dull yellow= 3B2, 
4B3=wine/straw yellow
Gw26;Kd 1 ;Kwl 6 Dull yellow to greyish yellow with deep bluish- 
black blotches
Kd8;Kd5;Gw28 Bluish-grey (19F5) to blackish-blue, sky-grey 
marine-blue to ink blue.
Ms8;Mt3;KdlO Dull yellow 3B2, 4B3 no pigmentation
Kdl:Ms5;Kd9 Shades of purple to bluish purple on dull 
yellow background
Kd4 Dark violet 18F5. Covers colours darker than 
greyish-violet and deep violet, e.g plum purple
Kw20;Kw51 ;Gwl4 Violet-brown 11F5, covers colours between 
brownish-red (brownish-violet) and blackish-red.
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Fig 20a. Typical pigmentation and mycelia development in isolates belonging to the
section Liseola on PSA
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Fig 20b. Typical colony appearance of isolates in groups 15 and J5 on PSA.
z IV?1*
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5.3 Conidial studies 
5.3. llntroduction
Traditionally, Carnation Leaf Agar (CLA) has been reliably and widely used for 
conidial studies in the genus Fusarium. This is because most commonly used media 
have either a high carbohydrate content or contain a high C:N ratio and Fusarium 
species have been shown to produce variable conidia on such media. Carnation leaves, 
however, may be difficult to obtain, especially for small laboratories and when its out 
of season. Besides the fact that it may be difficult to obtain these leaves, if obtained 
fresh, have to be sterilised either by radiation or by fumigation with propylene oxide. 
Radiation, besides needing extreme care, may also not be available in smaller 
laboratories. Propylene oxide, on the other hand, is known to be toxic and explosive 
at room temperature. A number of media were therefore tested for conidial variation 
in search of a medium that may be as reliable on conidial morphology as CLA. The 
media that were tested are Spaghetti Pieces Agar (SPA), Com Chips Agar (CCA), 
Maize Cob Leaf Agar (MCLA), Filter Paper Water Agar (FWA), Filter Paper Salt 
Nutrient Agar (FSNA), Salt Nutrient Agar (SNA) and Potassium Chloride Agar 
(KC1A).
5.3.2 Method
5.3.2.1 Media preparation
Spaghetti Pieces Agar.
100% wheat spaghetti were purchased from a super market. These were broken into 
small pieces of 5 mm to 10 mm and sterilised in the following method. The pieces 
were placed in a 500 ml duran and placed in the steamer for 30 minutes. This 
procedure was repeated for three consecutive days. Water Agar (2%) was prepared in 
a standard method using technical no. 3 agar. Using sterile forceps, spaghetti pieces 
were distributed at three to four pieces per pre-inoculated plate. Morphological studies 
were then carried out after two days of incubation.
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Com Chips Agar.
Kernels of com were obtained from sample Kwl8 (a sample with very low fungal 
contamination) and broken in small chips using a scalpel. These pieces were then 
sterilised following the method outlined for spaghetti pieces. A similar procedure to 
the one for spaghetti pieces was followed for inoculation.
Maize Leaf Agar
Fresh cobs were obtained from a super market. The cob leaves were removed, cut into 
small pieces of 5 - 10 mm by 5 - 10 mm and dried in the oven at 50°C for two hours. 
They were then sterilised following the method outlined above. A similar procedure 
to the one used for spaghetti pieces was followed for inoculation.
Filter Paper Water Agar
Filter papers (whatman no.7) were cut into small pieces of approximately 3 mm by 10 
mm and placed in a duran. These were sterilised by steaming for one hour. Three to 
four pieces were placed in each pre-inoculated plate containing 2% water agar and 
morphological studies carried out.
SNA
(see appendix A for preparation)
SNA containing filter papers (FSNA)
SNA was prepared following the standard method (Appendix A) and filter paper 
pieces were sterilised and added following the method outlined above for filter paper 
agar.
KC1A
(see appendix A for composition)
Twelve different isolates were chosen with six forming microconidia on both chains 
and false heads and the other six forming microconidia only on false heads on CLA. 
Each of these isolates were single spored and five replicates of single spored colonies
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were used to carry out the following experiments:
Consistency of microconidial production either on both microconidial chains and 
false heads or on false heads only.
Types (morphology) of microconidia formed.
Variation in microconidial size.
Consistency of production of microconidia on monophialides only or on both 
monophialides and polyphialides.
Ability to form macroconidia.
Mode of macroconidia formation (sporodochia vs production on aerial mycelia). 
Uniformity of the macroconidia and finally the relation of these macroconidia to the 
standard Liseola macroconidia formed on CLA.
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5.3.3 Results
5.3.3.1 Microconidial studies
5.3.3.1.1 Microconidial formation
Microconidial formation, i.e., production on both chains and false heads or on false 
heads only (fig 21), was consistent on all the six types of media used (table 14.). 
There was a great variation on the proportion of chains to false heads among the 
isolates that formed microconidia on both false heads and in chains, even between 
single spored colonies. A similarly inconsistent variation was observed concerning the 
length of the microconidial chains. As a result, further experiments were therefore not 
carried out on these characters (see later in discussion).
5.3.3.1.2 Microconidial morphology
Microconidial morphology was relatively uniform on all the media with the exception 
of SPA and CCA. The types of microconidia formed on the different media are shown 
on table 15 (also refer to fig 22).
5.3.3.1.3 Microconidial size
Microconidial size was relatively uniform and comparable on the media CLA, FWA, 
MCLA, FSNA, SNA and KC1A (Table 16). There was a ; variation in size and 
shape of the microconidia formed on both SPA and CCA. On these two media, 
especially during the first 3-5 days after addition of either the spaghetti pieces or com 
chips, a large number of relatively large (8.7 - 15.6 x 3.8 - 6.1 pm), oval to globose 
shaped microconidia were observed. These microconidia were not observed on any 
other types of medium nor described in any of the literature reviewed. They also 
quickly germinate and disappear after 7 - 1 0  days of incubation and are thus thought 
to be a response to high nutrition availability. These types of microconidia were 
observed on both groups of fungi that form microconidia on false heads only or on 
both false heads and in chains. However, after 7-10 days of incubation after 
introduction of the respective substrates, standard Liseola microconidia were observed 
on these two media as on CLA.
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Fig 21. Microconidial fomation
Microconidial chains
Microconidial false heads
Table 14. Variation of conidial formation with medium
MEDIUM
ISOLATE NO. CLA SPA CCA MCLA FWA FSNA SNA KCL
1a* LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
b LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
c LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
d LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
e LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
i
2a LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
b LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
c LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
d LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
e LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
3a LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
b LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
c LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
d LCH & FH LCH & FH LCH & FH LCH & FH LCH &  FH LCH & FH LCH & FH LCH & FH
e LCH &  FH LCH &  FH LCH &  FH LCH &  FH LCH &  FH LCH &  FH LCH &  FH LCH &  FH
4a FH FH FH FH FH FH FH FH
b FH FH FH FH FH FH FH FH
c FH FH FH FH FH FH FH FH
d FH FH FH FH FH FH FH FH
e FH FH FH FH FH FH FH FH
5a FH FH FH FH FH FH FH FH
b FH FH FH FH FH FH FH FH
c FH FH FH FH FH FH FH FH
d FH FH FH FH FH FH FH FH
e FH FH FH FH FH FH FH FH
6a FH FH FH FH FH FH FH FH
b FH FH FH FH FH FH FH FH
c FH FH FH FH FH FH FH FH
d FH FH FH FH FH FH FH FH
e FH FH FH FH FH FH FH FH
7a FH FH FH FH FH FH FH FH
b FH FH FH FH FH FH FH FH
c FH FH FH FH FH FH FH FH
d FH FH FH FH FH FH FH FH
e FH FH FH FH FH FH FH FH
8a FH FH FH FH FH FH FH FH
b FH FH FH FH FH FH FH FH
c FH FH FH FH FH FH FH FH
d FH FH FH FH FH FH FH FH
e FH FH FH FH FH FH FH FH
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Table 14(contd). Variation of conidial formation with medium
MEDIUM
ISOLATE NO. CLA SPA CCA MCLA FWA FSNA SNA KCL
9a FH FH FH FH FH FH FH FH
b FH FH FH FH FH FH FH FH
c FH FH FH FH FH FH FH FH
d FH FH FH FH FH FH FH FH
e FH FH FH FH FH FH FH FH
10a LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
b LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
c LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
d LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
e LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
11a LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
b LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
c LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
d LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
e LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
12a LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
b LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
c LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
d LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
e LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH LCH & FH
Key
a - e = single spored colonies 
LCH = long chains 
FH = false heads
-
I .! I
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Table 15. Variation of microconidial type with medium
MEDIUM
ISOLATE NO. CLA SPA CCA MCLA FWA FSNA SNA KCL
1a 1 & 3 1, 3 & 9 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3
b 1 &3 1, 3 & 9 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3
c 1 & 3 1, 3 & 9 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3
d 1 & 3 1, 3 & 9 1 & 3 1 & 3 1 & 3 1 &3 1 &3 1 & 3
e 1 &3 1, 3 & 9 1 & 3 1 &3 1 & 3 1 & 3 1 & 3 1 & 3
2a 1 & 3 1, 3 & 9 1 & 3 1 &3 1 &3 1 & 3 1 & 3 1 & 3
b 1 & 3 1, 3 & 9 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3
c 1 & 3 1, 3 & 9 1 &3 1 & 3 1 & 3 1 &3 1 & 3 1 & 3
d 1 & 3 1, 3 & 9 1 & 3 1 &3 1 & 3 1 & 3 1 &3 1 & 3
e 1 &3 1, 3 & 9 1 & 3 1 &3 1 & 3 1 & 3 1 & 3 1 & 3
3a 1 &3 1, 3 & 9 1 & 3 1 & 3 1 &3 1 &3 1 & 3 1 & 3
b 1 & 3 1, 3 & 9 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3
c 1 & 3 1, 3 & 9 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3
d 1 & 3 1, 3 & 9 1 & 3 1 & 3 1 & 3 1 &3 1 & 3 1 & 3
e 1 & 3 1, 3 & 9 1 & 3 1 &3 1 & 3 1 & 3 1 & 3 1 & 3
4a 3 3 & 9 3 3 3 3 3 3
b 3 3 & 9 3 3 3 3 3 3
c 3 3 & 9 3 3 3 3 3 3
d 3 3 & 9 3 3 3 3 3 3
e 3 3 & 9 3 3 3 3 3 3
5a 3 3 & 9 3 3 3 3 3 3
b 3 3 & 9 3 3 3 3 3 3
c 3 3 & 9 3 3 3 3 3 3
d 3 3 & 9 3 3 3 3 3 3
e 3 3 & 9 3 3 3 3 3 3
6a 3 3 & 9 3 3 3 3 3 3
b 3 3 & 9 3 3 3 3 3 3
c 3 3 & 9 3 3 3 3 3 3
d 3 3 & 9 3 3 3 3 3 3
e 3 3 & 9 3 3 3 3 3 3
7a 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
b 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
c 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
d 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
e 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
8a 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
b 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
c 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
d 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
e 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
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Table 15 (contd.). Variation of microconidial type with medium
MEDIUM
ISOLATE NO. CLA SPA CCA MCLA FWA FSNA SNA KCL
9a 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
b 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
c 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
d 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
e 3 & 4 3, 4 & 9 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4 3 & 4
10a 1 & 3 1, 3 & 9 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3
b 1 &3 1, 3 & 9 1 & 3 1 &3 | 1 &3 1 & 3 1 & 3 1 & 3
c 1 & 3 1, 3 & 9 1 & 3 1 & 3 1 &3 1 & 3 1 & 3 1 & 3
d 1 &3 1, 3 & 9 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3 1 &3
e 1 & 3 1, 3 & 9 1 & 3 1 & 3 1 &3 1 & 3 1 & 3 1 & 3
11a 1 &3 1, 3 & 9 1 &3 r 1 &3 j 1 &3 1 & 3 1 &3 1 & 3
b 1 & 3 1, 3 & 9 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3 1 & 3
c 1 & 3 1, 3 & 9 1 & 3 1 &3 ! 1 &3 1 & 3 1 & 3 1 & 3
d 1 & 3 1, 3 & 9 1 & 3 1 &3 i 1 &3 1 & 3 1 & 3 1 &3
e 1 & 3 1, 3 & 9 1 & 3 1 &3 | 1 &3 1 & 3 1 & 3 1 & 3
12a 1 & 3 1, 3 & 9 1 &3 1 &3 ! 1 &3 1 & 3 1 & 3 1 &3
b 1 & 3 1, 3 & 9 1 & 3 1 &3 | 1 &3 1 & 3 1 & 3 1 & 3
c 1 &3 1, 3 & 9 1 & 3 1 &3 | 1 &3 1 & 3 1 &3 1 & 3
d 1 & 3 1, 3 & 9 1 & 3 1 &3 | 1 &3 1 & 3 1 & 3 1 & 3
e 1 & 3 1, 3 & 9 1 & 3 1 & 3 | 1 & 3 1 & 3 1 & 3 1 &3
* see fig 22 for types of microconidia denoted by respective numbers.
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Fig 22. conidial morphology in Fusarium section Liseola
to cigar
Club shaped with 
truncate to flat base
Cylindrical
to cigar shaped
X
Pear (Pyriform) 
w
Napiform
Reniform to 
curved
Allantoin to irregular
Glob' ose
shaped
Small cylindrical to 
some with a 
characteristic slipper shape
3*1 MM
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Table 16. Variation of microconidial size* with medium
MEDIUM
ISOLATE NO. MICROCONIDIAL CLA SPA CCA MCLA
TYPE
1 1 & 2 5.6-11.8 pm x 8.1-15.3 x 8.3-14.9 x 5.5-11.9 x
2.2-2.8 pm 2.5-4.1pm 2.3-4.3 pm 2.3-2.8 pm
9 5.6-12.0 x
4.5-6.7 pm
2 1 & 2 5.5-11.1 pm x 8.7-15.0 x 7.9-12.5 x 5.6-11.1 x
2.2-2.8 pm 2.5-4.1pm 2.4-4.5 pm 2.3-2.9 pm
9 5.5-11.7 x
4.5-6.7pm
3 1 & 2 5.0-12.3 pmx 8.1-15.4 x 7.9-13.5 x 5.5-10.8 pm
2.2-2J  pm 2.5-4.1 pm 2.4-4.5 pm 2.3-2.9 pm
9 5.6-12.3 x
4.5-6.7 pm
4 3 (0-SEPTATE) 9.0-12.1 x 9.0-13.1 x 9.1-12.6 x 7.8-12.1 x
2.3-2.9 pm 2.9-4.3 pm 2.3-3.3 pm 2.3-2.9 pm
(1-SEPTATE) 8.8-15.9 x 9.8-15.9 x 9.1-16.0 x 7.6-15.9 x
2.3-3.0 pm 2.9-4.3 pm 2.3-3.8 pm 2.3-3.0 pm
(2-3 SEPTATE) 8.7-19.6 x 9.7-19.6 x 9.7-19.6 x 7.7-19.6 x
2.3-3.0 pm 2.9-4.3 pm 2.3-3.9 pm 2.3-3.0 pm
9 6.3-16.3 x
4.5-6.7 pm
-
5 3 (0-SEPTATE) 8.3-12.3 x 9.0-13.3 x 8.0-11.1 x 8.0-12.1 x
2.3-2.9 pm 2.9-4.3 pm 2.3-3.9 pm 2.3-2.9 pm
(1-SEPTATE) 7.8-15.9 x 9.8-15.7 x 9.8-15.9 x 9.8-15.7 x
2.3-3.0 pm 2.9-4.3 pm 2.3-3.0 pm 2.3-3.0 pm
(2-3 SEPTATE) 8.7-19.9 x 7.7-19.6 x 9.7-18.7 x 9.7-19.1 x
2.3-3.0 pm 2.9-4.3 pm 2.3-3.0 pm 2.3-3.0 pm
9 6.2-15.3 x
4.5-6.7 pm
6 3 (0-SEPTATE) 9.1-12.5 x 9.0-14.1 x 9.3-12.1 x 7.5-11.1 x
2.3-2.9 pm 2.9-4.3 pm 2.3-3.9 pm 2.3-2.9 pm
(1-SEPTATE) 8.6-13.3 x 10.1-15.9 x 8.8-15.8 x 9.8-12.9 x
2.3-3.0 pm 2.9-4.3 pm 2.3-3.0 pm 2.3-3.0 pm
(2-3 SEPTATE) 7.7-18.6 x 9.7-19.6 x 9.2-19.6 x 10.3-17.6 x
2.3-3.0 pm 2.9-4.3 pm 2.3-3.8 pm 2.3-3.0 pm
9 6.3-15.3 x
4.5-6.7 pm
•
* Values are mean of ca. 100 conidia of each of the single 
spore colonies.
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Table 16 (contd.). Variation of microconidial size with medium
MEDIUM
ISOLATE NO. MICROCONIDIAL CLA SPA CCA MCLA
7 3 (0-SEPTATE) 7.0-11.1 x 9.0-13.3 x 9.0-12.1 x 7.8-12.1 x
2.3-2.9 pm 2.9-4.3 Mm 2.3-3.8 Mm 2.3-2.9 Mm
(1-SEPTATE) 9.2-14.9 x 9.8-15.6 x 9.8-15.9 x 8.8-15.9 x
2.3-3.0 pm 2.9-4.3 Mm 2.3-3.0 Mm 2.3-3.0 Mm
(2-3 SEPTATE) 9.7-18.6 x 9.7-20.1 x 9.7-19.6 x 9.7-19.6 x
2.3-3.0 pm 2.9-4.3 Mm 2.5-3.9 Mm 2.3-3.0 Mm
4 5.5-7.3 x
4.6-5.8 Mm
9 6.3-16.3 x
4.5-6.7 Mm
8 3 (0-SEPTATE) 7.8-11.1 x 9.1-13.0 x 8.3-12.1 x 7.8-12.1 x
2.3-2.9 Mm 2.9-4.3 Mm 2.3-2.9 Mm 2.3-2.9 Mm
(1-SEPTATE) 9.8-14.6 x 9.8-16.3 x 9.8-15.9 x 8.8-15.9 x
2.3-3.0 Mm 2.9-4.3 Mm 2.3-3.0 Mm 2.3-3.0 Mm
(2-3 SEPTATE) 10.0-18.6 x 9.7-19.6 x 9.7-19.6 x 9.7-17.6 x
2.3-3.0 Mm 2.9-4.3 Mm 2.3-3.0 Mm 2.3-3.0 Mm
4 5.4-7.3 x
- 4.6-5.8 Mm
9 6.0-16.3 x
4.5-6.7 Mm
9 3 (0-SEPTATE) 8.1-12.1 x 7.3-13.1 x 8.6-12.1 x 7.6-12.1 x
2.3-2.9 Mm 2.9-4.3 Mm 2.3-2.9 Mm 2.3-2.9 Mm
(1-SEPTATE) 9.8-15.9 x 8.8-15.9 x 9.8-13.9 x 8.3-15.6 x
2.3-3.0 Mm 2.9-4.3 Mm 2.3-3.0 Mm 2.3-3.0 Mm
(2-3 SEPTATE) 9.7-19.6 x 9.7-19.6 x 9.7-17.3 x 9.5-18.1 x
2.3-3.0 Mm 2.9-4.3 Mm 2.3-3.0 Mm 2.3-3.0 Mm
4 5.5-7.3 x
4.6-5.8 Mm
9 6.8-13.3 x
4.1-6.7 Mm
119
Table 16 (contd.). Variation o f microconidial size with medium
MEDIUM
ISOLATE NO. MICROCONIDIAL CLA SPA CCA MCLA
10 1 & 2 5.5-11.8 pm x 8.3-14.3 x 8.1-14.7 x 5.5-11.8 x
2.2-2.9 pm 2.5-4.lMm 2.3-4.3 Mm 2.3-2.8 Mm
9 5.6-12.3 x
4.5-6.6 Mm
11 1 & 2 5.7-11.5 pm x 8.1-14.6 x 7.9-13.5 x 5.6-11.1 x
2.2-2.8 Mm 2.5-4.lMm 2.4-4.5 Mm 2.3-2.9 Mm
9 5.4-10.8 x
4.5-6.7Mm
12 1 & 2 5.0-12.3 Mmx 7.7-14.5 x 7.7-13.9 x 5.5-12.3 Mm
2.2-2.75 Mm 2.5-4.1 Mm 2.4-4.5 Mm 2.3-2.9 Mm
9 5.6-12.7 x
4.5-6.7 Mm
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Table 16 (contd.). Variation o f microconidial size with medium
MEDIUM
ISOLATE NO. MICROCONIDIAL FWA FSNA SNA KCLA
TYPE
1 1 & 2 6.1-11.8 pm x 6.6-11.8 pm x 6.6-9.8 pm x 5.5-11.9 x
2.2-2.8pm 2.2-2.8 pm 2.2-2.8 pm 2.3-2.8 pm
9
2 1 & 2 5.5-11.1 pm x 5.3-9.1 pmx 5.5-11.1 pm x 5.6-11.1 x
2.2-2.8 pm 2.2-2.8 pm 2.2-2.8 pm 2.3-2.9 pm
9
3 1 & 2 5.0-12.1 pmx 5.8-10.3 pmx 5.0-11.3 pmx 5.5-10.8 pm
2.2-21  pm 2.2-21  pm 2.2-21  pm 2.3-2.9 pm
9
4 3 (0-SEPTATE) 7.3-12.4 x 8.1-13.1 x 7.9-10.1 x 7.8-9.1 x
2.3-2.9 pm 2.3-2.9 pm 2.3-2.9 pm 2.3-2.9 pm
(1-SEPTATE) 8.8-15.9 x 9.8-14.8x 8.8-14.3 x 7.6-15.6 x
2.3-3.0 pm 2.3-3.0 pm 2.3-3.0 pm 2.3-3.0 pm
(2-3 SEPTATE) 8.7-15.6 x 8.7-17.5 x 8.1-15.9 x 7.7-17.6 x
2.3-3.0 pm 2.3-3.0 pm 2.3-3.0 pm 2.3-3.0 pm
9
5 3 (0-SEPTATE) 7.3-9.3 x 8.3-10.3 x 8.1-11.3 x 8.0-10.1 x
2.3-2.9 pm 2.3-2.9 pm 2.3-2.9 pm 2.3-2.9 pm
(1-SEPTATE) 7.8-15.3 x 7.9-16.1 x 7.8-13.9 x 9.8-15.7 x
2.3-3.0 pm 2.3-3.0 pm 2.3-3.0 pm 2.3-3.0 pm
(2-3 SEPTATE) 8.7-19.9 x 9.6-14.8 x 8.7-18.3 x 10.5-19.1 x
2.3-3.0 pm 2.3-3.0 pm 2.3-3.0 pm 2.3-3.0 pm
9
6 3 (0-SEPTATE) 7.1-9.5 x 7.9-11.1 x 8.3-9.9 x 7.5-11.1 x
2.3-2.9 pm 2.3-2.9 pm 2.3-2.9 pm 2.3-2.9 pm
(1-SEPTATE) 7.6-11.3 x 9.6-13.1 x 8.6-13.3 x 9.8-12.9 x
2.3-3.0 pm 2.3-3.0 pm 2.3-3.0 pm 2.3-3.0 pm
(2-3 SEPTATE) 7.7-18.6 x 9.7-17.7 x 9.3-18.6 x 10.3-17.6 x
2.3-3.0 pm 2.3-3.0 pm 2.3-3.0 pm 2.3-3.0 pm
9
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Table 16 (contd.). Variation o f  microconidial size with medium
MEDIUM
ISOLATE NO. MICROCONIDIAL FWA FSNA SNA KCLA
7 3 (0-SEPTATE) 7.9-10.1 x 7.3-11.3 x 8.3-11.1 x 7.8-12.1 x
2.3-2.9 ym 2.3-2.9 ym 2.3-2.9 ym 2.3-2.9 ym
(1-SEPTATE) 9.6-13.9 x 9.2-14.9 x 9.5-14.9 x 8.2-15.7 x
2.3-3.0 ym 2.3-3.0 ym 2.3-3.0 ym 2.3-3.0 ym
(2-3 SEPTATE) 9.9-18.0 x 9.1-19.0 x 9.6-17.1 x 8.8-17.5 x
2.3-3.0 ym 2.3-3.0 ym 2.3-3.0 ym 2.3-3.0 ym
4 5.0-7.3 x 6.5-7.1 x 5.6-7.6 x 5.0-6.3 x
4.6-6.6 ym 4.6-4.8 ym 4.6-5.8 ym 4.6-6.1 ym
9
8 3 (0-SEPTATE) 7.9-9.8 x 7.8-9.8 x 6.3-10.1 x 7.8-10.3 x
2.3-2.9 ym 2.3-2 9 ym 2.3-2.9 ym 2.3-2.9 ym
(1-SEPTATE) 9.8-13.6 x 9.8-14.6 x 9.3-14.6 x 8.8-15.8 x
2.3-3.0 ym 2.3-3.0 ym 2.3-3.0 ym 2.3-3.0 ym
(2-3 SEPTATE) 10.3-17.9 x 10.6-18.6 x 9.3-18.6 x 9.7-18.2 x
2.3-3.0 ym 2.3-3.0 ym 2.3-3.0 ym 2.3-3.0 ym
4 5.2-6.3 x 5.4-7.3 x 5.4-7.3 x 5.4-7.3 x
4.6-5.8 ym 4.6-5.8 ym 4.6-5.8 ym 4.6-5.8 ym
9
9 3 (0-SEPTATE) 8.0-9.1 x 7.6-9.9 x 7.1-9.1 x 7.6-9.1 x
2.3-2.9 ym 2.3-2.9 ym 2.3-2.9 ym 2.3-2.9 ym
(1-SEPTATE) 8.8-13.4 x 9.8-14.4 x 9.8-13.6 x 8.3-16.6 x
2.3-3.0 ym 2.3-3.0 ym 2.3-3.0 ym 2.3-3.0 ym
(2-3 SEPTATE) 9.7-17.6 x 9.7-18.1 x 9.7-18.6 x 9.5-18.1 x
2.3-3.0 ym 2.3-3.0 ym 2.3-3.0 ym 2.3-3.0 ym
4 5.2-7.1 x 5.5-7.2 x 6.1-7.2 x 6.1-7.2 x
4.3-5.8 ym 4.6-5.8 ym 4.6-5.8 ym 4.6-5.S ym
9
122
Table 16 (contd.). Variation o f  microconidial size with medium
MEDIUM
ISOLATE NO. MICROCONIDIAL FWA FSNA SNA KCLA
10 1 & 2 6.3-10.8 x 6.5-9.8 pm x 7.5-10.2 pm x 5.5-10.8 x
2.2-2.9 pm 2.2-2.9 pm 2.2-2.9 pm 2.3-2.8 pm
9
11 1 & 2 6.7-11.5 x 5.7-9.3 pm x 5.3-9.6 x 5.6-11.7 x
2.2-2.8 pm 2.2-2.8 pm 2.2-2.8 pm 2.3-2.9 pm
9
12 1 & 2 5.3-12.3 x 5.4-87 x 5.2-9.6 x 5.5- 9.3 pm
2.2-3.0 pm 2.2-2.75 pm 2.2-2.75 pm 2.3-2.9 pm
9
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5.3.3.2 Conidiogenous cells
The production of microconidia on either monophialides only or on both 
monophialides and polyphialides (fig 23), was consistent on all the eight different 
media. Variation of the length of the phialides between the single spored colonies of 
one isolate on a particular medium, was not significantly different from the variation 
observed between the different media and hence the length of the phialidic cell was 
not medium dependent (table 17).
5.3.3.3 Macroconidia.
Production of macroconidia was found to be very variable. Variability was observed 
on the ability of different isolates to form macroconidia (Table 18) and also on the 
morphology of the conidia on the different media ( fig 24). Most single spored, chain 
forming isolates could not form macroconidia on a number of media. The two media 
that were reliable for macroconidia production were CLA and SPA. The ability to 
form macroconidia on these two media was consistent and formation was in orange 
sporodochia. The macroconidia formed on both media were typical Liseola 
macroconidia characterised by being thin walled, slender with almost parallel sides, 
elongate sometimes sharply curved apical cell and varying from often 3-5 septate but 
occasionally up to 7 septa. However, as shown on table 19 and figs 26-28, there was 
arcotekosel difference in the lengths of the macroconidia formed on the two media. 
A few chain forming isolates were able to produce macroconidia on CCA. These 
macroconidia however, were so variable in shape and length such that some of them 
could hardly be described as typical Liseola macroconidia Fig 27. It was observed that 
the macroconidia formed on SPA were consistently longer than the ones formed on 
CLA. Both types of macroconidia were relatively uniform and hence it is proposed 
that spaghetti pieces may be useful for the study of macroconidia development in the 
section Liseola. All the chain forming isolates, however, could not form macroconidia 
on MCLA, FWA, FSNA, SNA nor on KC1A. It was also observed that there was no 
improved growth around the filter papers nor around the maize cob leaf-pieces, 
suggesting that species of this section may not be capable of degrading the filter paper 
(or cellulose) nor the maize cob leaves.
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Fig 23. Conidiophore Structures in the section Liseola
Monophialides polyphialides
1
Secondary
monophialides
Phialides arising from 
a swollen end of hypha
hi t*rf\
1^.5
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Table 17, Variation of monophialidic length with medium.
MEDIUM
ISOLATE NO. CLA SPA CCA MCLA FWA FSNA SNA KCLA
1a 31.4* 35.7 33.4 40.1 32.5 35.4 31.2 30.8
b 35.6 33.6 28.1 25.9 30.2 33.2 32.5 29.1
c 28.3 40.3 26.5 35.4 30.2 33.9 41.3 28
d 29.6 33.1 27.9 33.5 29.6 31.5 33.6 33.6
e 27.8 29.4 33.2 26.5 29.8 26.3 38.6 33.5
2a 27.6 30.1 40.3 26.4 25.6 32.6 32.5 25.3
b 28 32.2 38.5 26.2 30.2 35.1 24.3 26.3
c 33.3 29.1 25.4 30.6 24.6 32.2 25.3 23.8
d 35.4 28.6 36.5 33.1 25.6 31.3 26.1 27.5
e 36.2 26.3 37.9 24.5 28.1 28.1 24.6 27.1
3a 18.3 15.6 19.3 21.3 18.5 J 23.1 19.7 15.1
b 15.3 16.4 15.2 20.3 14.9 15.6 19.3 15.8
c 12.3 16.2 14.3 14.6 15.7 14.9 16.3 21.6
d 21.3 16.9 15.2 L 19.2 16.3 18.7 19.6 20.3
e 16.5 20.3 16.8 18.6 13.9 12.3 15.2 16.3
4a 16.3 16.9 15.9 18.1 17.9 14.6 17.3 17.8
b 13.5 13.5 16.7 16.2 15.2 12.3 15.3 16.4
c 15.2 17.5 17.3 13.8 | 15.8 16.2 16.5 15.3
d 14.6 19.8 19.6 20.6 ; 16.9 19.2 14.6 12.9
e 18.5 13.6 18.3 21.6 i 19.2 17.1 21.6 20.6
I
5a 20.5 15.6 15.3 15.6 16.5 19.7 19.5 12.9
b 16.3 14.6 12.7 19.5 T 17.6 16.8 13.8 20.1
c 18.5 19.2 13.5 18.7 13.8 21.6 16.9 14.8
d 19.2 17.9 16.7 16.8 19.4 13.6 15.7 15.9
e 17.3 13.2 17.8 19.5 | 20.1 12.5 15.4 14.6
|
6a 19.5 15.7 17.7 15.9 ! 16.4 17.7 15.6 16.7
b 21.6 16.8 19.6 19.8 18.3 14.6 13.6 13.6
c 13.5 15.4 13.2 20.6 | 19.5 19.8 15.8 19.8
d 16.3 12.3 15.6 13.6 13.6 18.7 24.8 13.5
e 18.6 13.9 17.5 19.8 15.8 13.6 16.8- 14.7
7a 25.3 29.1 35.1 27.6 32.6 24.8 23.6 21.6
b 26.2 28.6 23.6 21.3 32.9 23.9 25.6 32.1
c 23.4 23.1 26.4 26.5 23.5 29.5 24.8 30.9
d 20.5 25.1 22.3 31.2 23.8 21.5 23.9 23.7
e . 29.1 20.3 21.6 20.6 21.9 24.6 29.6 21.9
8a 23.2 35.6 23.6 23.6 30.6 ‘ 21.6 25.1 33.6
b 35.1 34.1 25.4 25.3 | 21.6 24.3 29.5 20.6
c 21.6 29.5 29.3 21.6 ! 30.5 26.3 23.1 22.5
d 25.3 23.6 28.7 25.8 | 33.6 33.5 21.6 29.4
e 26.3 24.9 26.6 21.2 I 24.8 31.4 24.6 31.2
nb.* Measurements only on monophialides and and all in pm 
All measurements are means of 50 phialides per single spored coloriy.
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Table 18. Variation of the ability to produce macroconidia with medium.
MEDIUM
ISOLATE NO. CLA SPA CCA MCLA FWA FSNA SNA KCL
1 (5/5)* (5/5) (1/5) (-) (-) (-) (-) 0
2 (4/5) (5/5) (3/5) (-) (-) (-) (-) (-)
3 (2/5) (1/5) (4/5) (-) u -  «  - (-) (-) (-)
4 (5/5) (5/5) (5/5) (5/5) (5/5) (5/5) (5/5) (5/5)
5 (5/5) (5/5) (5/5) (5/5) (5/5) (5/5) (5/5) (5/5)
6 (5/5) (5/5) (5/5) (5/5) (5/5) (5/5) (5/5) (5/5)
7 _ J (4/5) (5/5) (3/5) (4/5) (2/5) (3/5) (3/5) (2/5)
8 (5/5) (5/5) (4/5) (3/5) (1/5) (3/5) (3/5) (-)
9 (3/5) (5/5) (1/5) (4/5) (3/5) (1/5) (1/5) (1/5)
10 (3/5) i (4/5) (3/5) (-) (-) (-) (-) (-)
11 (3/5) (2/5) (3/5) (-) (-) (-) (-) (-)
12 (2/5) (2/5) (4/5) (-) | (-) (-) (-) (-)
!
nb.
* number in brackets shows the number of isolates that formed macroconidia out of the 5 single
spored colonies.
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Table 19. Variation of macroconidial length with medium.
MEDIUM
ISOLATE NO. CLA SPA CCA MCLA FWA FSNA SNA KCL
1a 25.3-33.5 31.3-63.5 25.3-55.6 (-) (-) (-) (-) (-)
b 23.7-37.6 29.2-57.8 (-) (-) (-) (-) (-) (-)
c 23.1-43.6 38.1-58.8 (-) (-) (-) (-) (-)
d 32.6-47.3 22.9-61.3 (-) (-) (-) (-) (-)
e 22.2-41.8 28.1-60.1 (-)■ (-) (-) (-)
2a 28.3-31.2 34.5-53.6 23.8-59.6 (-) (-) (-)
b 20.6-33.1 33.7-53.9 27.4-43.1 (-) (-) (-) (-)
c 28.5-46.3 28.9-58.7 25.6-4.3 (-) (-) (-) (-) (-)
d 32.3-40.2 26.4-60.3 (-) (-) (-) (-) (-)
e (-) 27.9-59.6 (-) (-) (-) (-) (-)
3a 24.8-35.3 27.9-50.3 24.1-38.5 (-) (-) (-)
b 26.9-34.1 (-) 20.1-30.6 (-) (-)
c (-) (-) 19.7-49.8 (-) (-) (-) (-)
d (-) (-) 27.3-40.3 (-) (-) (-) (-) (-)
e (-) (-) (-) (-) (-) (-) (-) (-)
4a 27.9-57.3 27.3-61.4 29.8-56.3 26.5-62.3 28.9-33.7 25.6-40.6 21.6-60.1 23.5-45.6
b 29.8-49.8 33.1-54.4 23.6-44.9 24.9-35.3 20.6-33.1 23.1-46.7 32.1-58.7 29.8-48.9
c 31.9-53.2 30.6-58.9 30.1-58.9 19.9-40.1 29.6-53.3 29.8-49.8 30.5-55.8 20.9-37.2
d 29.1-41.9 26.3-63.8 29.6-53.3 20.6-33.1 25.9-33.2 32.6-55.6 29.8-56.3 30.6-59.7
e 31.6-55.3 28.6-60.1 32.1-61.9 25.1-37.8 20.6-38.7 23.9-56.9 30.5-55.8 24.9-35.3
5a 20.9-37.2 31.3-60.4 26.5-62.3 33.1-54.4 23.1-46.7 22.6-48.3 27.1-57.6 30.5-60.4
b 26.5-49.8 28.9-50.4 33.654.6 30.6-59.7 20.9-37.2 24.5-40.6 20.6-55.6 22.8-53.4
c 33.9-58.2 30.6-55.9 33.6-60.5 32.1-58.7 32.1-45.9 28.8-61.8 33.1-54.4 21.9-55.2
d 23.5-45.6 20.3-53.8 20.6-58.3 23.9-56.9 29.8-49.8 27.6-59.7 29.7-60.5 25.9-53.7
e 32.6-57.3 28.6-50.7 23.1-46.7 20.1-38.7 25.9-53.7 33.1-54.4 24.5-40.6 26.5-62.3
6a 25.9-53.7 21.7-54.4 33.1-54.4 19.8-33.6 29.7-60.5 30.5-49.9 29.8-55.9 21.9-55.2
b 29.6-53.3 30.5-60.4 23.6-44.9 21.9-55.2 23.1-46.7 21.9-55.2 33.1-54.4 30.6-56.8
c 31.9-53.2 30.6-50.9 30.1-58.9 23.1-46.7 24.5-40.6 31.8-54.3 23.1-46.7 25.1-37.8
d 28.1-43.9 29.3-58.3 20.6-33.1 30.6-59.7 33.1-54.4 23.1-46.7 29.7-60.5 30.6-59.7
e 22.6-50.3 24.6-60.1 30.5-55.8 21.6-60.1 22.6-39.1 29.7-60.5 30.5-55.8 26.5-62.3
7a 26.1-55.3 33.1-59.8 24.1-55.1 28.1-64.3 29.8-55.9 20.6-55.8 30.6-55.9 20.9-55.3
b 28.1-51.3 29.6-60.9 20.6-44.3 33.3-57.3 25.6-60.4 33.1-54.6 26.5-55.4 30.6-60.6
c 29.4-58.1 24.3-57.7 29.3-49.6 29.6-49.1 (-) 29.4-59.9 24.1-44.9 (-)
d 30.1-50.3 27.9-59.6 (-) 30.2-60.3 (-) (-) (-) (-)
e (-) 30.1-63.3 (-) (-) (-) (-) (-)
8a 24.1-55.1 30.3-61.1j 20.1-49.3 2.9-48.9 j 25.1-54.3 30.1-54.6 26.1-57.3
b 20.1-49.6 24.1-58.9 30.1-40.3 21.9-55.7 (-) 24.3-49.4 27.3-60.3 (-)
c 28.9-48.1 23.1-64.5 24.6-57.3 23.9-59.9 (-0 27.1-57.3 20.1-59.3
d 30.1-49.3 31.6-55.7 25.6-54.1 (-) (-) (-) (-) (-)
e 23.1-59.3 21.9-50.1 (-) (-) (-) (-) (-) (-)
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Table 19 (contd). Variation of macroconidial length with medium.
MEDIUM
ISOLATE NO. CLA SPA CCA MCLA FWA FSNA SNA KCL
9a 29.8-48.9 23.1-60.3 29.3-55.9 33.1-53.6 29.3-58.1 26.9-58.7 31.1-51.3 27.1-59.5
b 25.6-58.9 25.1-63.1 (-) 28.1-60.1 30.1-58.1 (-) (-)
c 31.6-49.9 29.3-55.1 (-) 30.1-55.6 21.1-60.1 (-) (-)
d (-) 30.1-61.9 (-) 24.3-51.1 (-) (-) (-)
e (-) 20.1-49.3 (-)
10a 25.1-55.1 30.7-65.1 27.1-54.1 (-) (-)
b 27.3-59.3 29.1-61.3 28.7-53.1 (-) (-)
c 21.1-55.4 25.9-55.1 30.6-50.96 (-) (-) (-)
d (-) 28.1-64.1 (-) (-)
e (-) (-) (-) (-)
11a 21.6-48.1 33.1-61.3 28.6-57.6 (-) (-) (-) (-)
b 29.3-57.1 30.8-59.1 19.6-44.3 (-) (-) (-) (■) (-)
c 25.6-55.6 (-) 20.6-44.1 (-) (-) (-) (-)
d (-) (-) (-) (-) (-) (-)
e (-) (-) (-) (-) (-) (-) (-) (-)
12a 21.1-51.3 28.1-56.1 25.1-49.3 (-) (-) (-) (-)
b 25.6-54.6 23.3-58.1 26.1-54.3 (-) (-)
c (-) (-) 20.1-60.1 (-) (-)
d (-) (-) 29.3-48.3 (-) (-) (-) (-)
e (-) (-) (-) (-) (-) (-)
nb * All mejasurements are in pm
s are mean ranges of 100 macroconidia per single spored colony of each 
te.
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Fig 25. Macroconidia formed by isolate Kdl2 (Group A1 — F. monilifonuc) on
spaghetti pieces agar (SPA).
Fig 26. Macroconidia formed by isolate Kdl2 (Group A1 = F moniliforme) on
carnation leaf agar (CLA).
Fig 27. Macroconidia formed by isolate Kdl2 (Group A1 = F. moniliforme) on
com chips agar (CCA).
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Fig 28. Typical small macroconidia formed by isolates which belong to groups J5 and
15 on CLA.
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Macroconidial formation by the isolates that formed microconidia on false heads only 
was uniformly distributed on all the media. It was, however, observed that most of 
these isolates actually formed most of these macroconidia on aerial mycelia and 
sporodochia were only found on the media CLA, SPA and a few on CCA. Variation 
of these macroconidia also followed a similar trend as was observed on isolates that 
formed microconidia on both false heads and in chains. Thus, the macroconidia formed 
on SPA, though quite uniform in shape and being typical Liseola macroconidia, were 
significantly longer than those formed on CLA. The macroconidia formed on CCA 
varied in shape from being typical Liseola macroconidia to being curved and even 
double curved. Macroconidia were also formed on MCLA, FWA, FSNA, SNA and 
KC1A. However, the variation observed in these macroconidia made it difficult to 
recognize some of the conidia as of the Liseola section.
5.4 Morphological studies of all isolates
Based on these results, the media CLA, KCLA and SPA were used in further studies 
of the different conidia produced by the different isolates, on the conidiogenous cells 
and also some other morphological studies.
5.4.1 Results
Following the procedure outlined above for morphological studies, eight different 
groups could be distinguished. The characters used to delineate these groups included 
substrate pigmentation, mycelial development, type and size of phialidic cell, formation 
of microconidia (chains and/or false heads), length of microconidial chains, 
microconidial shape and size, production of pyriform and napiform microconidia and 
the production of macroconidia in sporodochia and their shape and size. These groups 
were described as follows (see also section 4.4, pages 101-102)
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Group (Al)
Oval to club shaped microconidia.
Septation varying from zero to one (96.1% non septate).
Microconidial length 7.7 - 11.1 x 2.2 - 2.9 pm.
(extremes 5.5 - 13.1 x 2.0 - 4.1 pm).
Microconidia truncate to flat based.
Microconidia formed in both chains and false heads.
Proportion of chains to false heads 
variable (from 50.1% C:H to 79.6% C:H).
Microconidia always formed on monophialides.
Monophialides varying in size from 23.5 - 51.3 x 3.1 - 4.1pm 
(extremes 16.5 - 65.7 x 2.8 - 4.5 pm).
Chlamydospores absent.
Some thin walled inflated cells may be present. Hyphae may become swollen at the 
end and this may give rise to a number of either primary or secondary 
monophialides.
Pigmentation varies from dull wine yellow to brownish or purple 
Group (Bl)
As the above group except that microconidia are formed on both monophialides and 
polyphialides. Polyphialides may vary from simple (only two loci of conidia 
production) to complex (proliferating polyphialides, some with up to 5 conidiogenous 
loci).
Group (J2)
Microconidia cylindrical to cigar shaped.
Septation varying from zero to three septa.
Microconidial length: 
zero septate 7.1 - 12.3 x 2.5 - 3.0 pm 
(extremes 6.3 - 13.9 x 2.1 - 4.2 pm) 
one septate 9.9 - 15.6 x 2.5 - 3.0 pm
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two to three septate 11.4 - 19.7 pm.
Microconidia always formed on false heads only and on both monophialides and 
polyphialides.
Monophialide length varies from 12.5 - 25.6 x 3.1 - 4.1 pm.
Pigmentation varies from dull wine yellow brownish red or purple. 
Chlamydospores are absent.
Group (J3)
Two types of microconidia.
(a)
Microconidia cylindrical to cigar shaped.
Septation varying from zero to three septa.
Microconidial length: 
zero septate 7.1 - 12.3 x 2.5 - 3.0 pm 
(extremes 6.3 - 13.9 x 2.1 - 4.2 pm) 
one septate 9.9 - 15.6 x 2.5 - 3.0 pm 
two to three septate 11.4 - 19.7 pm.
(b)
Microconidia pear to globose shaped.
Almost always single celled 
size ranges: 5.5 - 7.8 x 5.1 - 6.8 pm.
Produced singly or in a false head and on monophialides or polyphialides. These 
conidia were not observed to be produced by the same phialides as those that 
produced Type 1 microconidia in this study (see later in discussion).
Group (15)
Microconidia formed only on false heads.
Microconidia formed on monophialides only.
Chlamydospores absent.
Microconidia formed can be subdivided into three groups follows:
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(a) cylindrical to cigar shaped some with almost parallel sides, tapering to one end 
and most with a characteristic almost ’slipper shape’.
size 5.1 - 8.1 x 2.0 - 2.5 pm 
(extremes 4.6 - 9.1 x 1.9 - 2.9 pm),
(b) reniform (kidney/bean shaped) to curved, varying from zero to one septate 
size 6.8 - 8.3 x 4.1 - 5.5 pm
formed mostly singly (not observed on false heads),
(c) irregular to allantoid microconidia varying from 1 to 3 septa, 
some of these conidia do not have any characteristic shape 
septation varies from mostly two to three septa.
Group (J5)
Microconidia formed only on false heads.
Microconidia formed on both monophialides and polyphialides.
Chlamydospores absent.
Microconidia formed are the Type 5 (see pages 101-102)) and can 
subdivided into three groups as described in group 15
Group (K5)
Microconidia formed on false heads only.
Microconidia varying from cylindrical, oval shaped to reniform (kidney bean) 
shaped, size varying 5.5 - 9.8 x 2.0 - 3.5 pm.
Microconidia formed on monophialides which may be secondary or tertiary (fig 23). 
Monophialides length range: 8.5 - 15.3 pm.
Chlamydospores present, formed in chains and in clusters after six weeks of 
incubation.
Size range: 6.3 - 9.8 pm.
Chlamydospores thick and rough walled, globose but sometimes continuous with 
adjacent chlamydospores
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Following the classification system according to Nelson et al. 1983, these groups 
would be equivalent to:
Al : F  moniliforme 
B1 : F  proliferatum  
J2 : F  subglutinans 
J3 : F. antbophilum 
15 : ? (see section 8.0)
J5 : ? (see section 8.0)
K5 : F  oxysporum ? F  dlamini ? (see section 8.0)
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5.5 DISCUSSION
In the history of Fusarium taxonomy, a number of classification systems have been 
published, ranging from the so-called complex Wollenweber classification on one 
extreme to the Snyder and Hansen’s 9 species system on the other hand. Thus, 
taxonomists varied from those who exaggerated on minor differences such as small 
differences in conidial size (splitters), to those who ignored some major and 
taxonomically important differences (lumpers). Two reasons that may be responsible 
for such variation in classification systems may be that, cultural variation in the genus 
Fusarium may not have been recognised and that some species were described on the 
basis of only one or two isolates (Nelson 1991). It is quite likely that one or two 
isolates may not reveal the extent of variation that may occur in a given species.
In this study, a number of morphological characters were studied to evaluate the extent 
of variation within the section Liseola. These characters were primarily those used by 
earlier Fusarium taxonomists (Wollenweber and Reinking 1935, Nirenberg and Gerlach 
1982, Nelson etal. 1983, Booth 1971 and Burgess etal. 1983) to delineate taxa within 
this section, namely substrate pigmentation, mycelial development, type and size of 
phialidic cell, formation of microconidia (chains and/or false heads), length of 
microconidial chains, microconidial shape and size, production of pyriform and 
napiform microconidia and the production of macroconidia on sporodochia and their 
shape and size.
Substrate and colony pigmentation
In the present study, colour development was not correlated to any of the other 
characters and was not specific to any distinct group. Furthermore, replicates of the 
same isolates showed different pigmentation even under the same incubation 
conditions. This shows how substrate pigmentation is unreliable in delineating taxa 
within this section. Similar variations have been reported in F. oxsporum (Burgess et 
al. 1983) and also in the section Moniliforme(=Liseola) (Chen 1991). Pigmentation in 
the genus Fusarium has been studied (Booth 1971) and most pigments are thought not 
to be mere by-products, but may be involved in the enzymatic activities of the
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organism (Booth 1971). Colour development has been reported to be affected by a 
number of conditions such as light (Zachariah etal. 1956), substrate (Nirenberg 1990, 
Burgess etal. 1983) and pH (Brayford- personal communication). Although Zac^hariaii 
has reported the positive effect of dark conditions on pigmentation production by F  
decemcellulare, in this study, there were no observed differences in pigment 
production when single spored colonies where incubated under different light 
conditions (continuous dark and 12 hour cycle of dark and light). Pigmentation became 
quickly intense on plates that were stored at 20°C under diffuse light. Though nine 
groups could be defined on the basis of colony and substrate pigmentation, colour 
interchange could be shown by adding a drop of either 1M HC1 or 1M KOH. Thus 
it could be shown that these pigments can be used as pH indicators. In this study, only 
one group, (J5) was consistent in its non-production of any pigments on standard PSA. 
Colony and substrate pigmentation however, have been reported to be useful in 
delineating sections (Nelson et al. 1983).
The Conidiogenous Cell
The use of / V >' s the conidiogenous cell as an important taxonomic 
character in Fusarium classification was first introduced by Booth (1971). He was 
probably one of the first Fusarium taxonomists to show the value of the presence of 
polyphialides vs monophialides in the separation of sections and species (Nelson 
1991). Since then, the conidiogenous cell has been used to delineate taxa at varietal 
or species level in the section Liseola (Booth 1971, Nelson e ta l 1983, Burgess etal. 
1983, and Nirenberg and Gerlach 1982, Gams and Muller 1980, Marchant 1984, 
Nelson etal. 1990 and Neish etal. 1981). In this study, it is used in the separation of 
the different groups. It should be noted however, that it is not a strongly reliable 
character when used separately from other characters. Some unsuitable words which 
should be avoided in relation to the conidiogenous cell (with regards to polyphialides) 
include:
-polyphialides occasionally present,
-polyphialides rare,
-infrequent polyphialides and
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-polyphialides seldom present 
In this study, isolates with both monophialides and polyphialides could be readily 
separated from those with monophialides only. This character was found not to be 
influenced by environmental conditions nor media changes, hence its use in the current 
study as a reliable and stable character in group separation only when recorded as 
present or absent. It should be noted that this character, as with other characters, is 
important taxonomically only when it is in constant association with other characters. 
The presence or absence of polyphialides is one of the most important characters (if 
not the sole determinant) that separates F  moniliforme (=F verticillioides) from F. 
proliferation on morphological basis. However, the character is not so important in 
other species e.g., in F  nygamai, some isolates are reported as having both 
monophialides and polyphialides whereas some isolates produce microconidia only on 
monophialides (Burgess and Trimboli 1986).
The length of the conidiogenous cell
An attempt to use the length of the phialide has been previously reported but 
unsuccessfully (Chen 1991). From the present study however, some groups seemed to 
show marked and stable differences in phialide length. The length of the polyphialides 
was difficult to measure (because of great variability in types), as a result, the 
variation of the microconidiophore monophialide was investigated. It was found that 
at least three groups could be formed on the basis of monophialide length. The first 
group was defined by having consistently short (up to 15 pm) monophialides and this 
was associated with other characters that defined group M b . The second group 
produced intermediate length (12 < phialide < 25 pm) monophialides and this was 
almost always associated with other characters that defined groups J5 ,15 and .
The third group produced long phialides (21.0 < phialide < 64.0 pm) and this 
correlated with other characters that formed groups Al^ Bl, Thus certain species 
in specific groups consistently formed either short, intermediate or long monophialides. 
This character seemed quite stable and hence was used for grouping or separating 
isolates in this study.
The length of the conidiogenous cell has been used elsewhere in the taxonomy of
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Fusarium, e.g., in separating F. solani from F. oxysporum. It, however, has not been 
used in delineating species in the section Liseola and it is proposed that it be
used in any future work.
The length of the microconidial chains
Fisher et al. (1983), carried out experiments on the effect of water potential on the 
length of the microconidial chains in F  moniliforme, F  proliferatum  and F. 
annulatum. He found that microconidial chain-length increased with a decrease in water 
potential. As a result, in this study , this character was not investigated any further nor 
was it used for delineating groups. Although at the outset of this study (see table 12), 
three separate groups were recognised for the formation of microconidia, depending 
on whether they are formed in false heads only, false heads and short chains or on 
false heads and long chains, cultures with short chains were not isolated. The 
distinction between long and short chains was first introduced by Nirenberg in the 
description of the species F  fujikuroi. It is now used as an important character for 
identifying some of the recently described species viz F  nygamai and F. napiforme. 
The proportion of false heads to chains among the isolates that form microconidia on 
both false heads and in chains was very variable and this character was abandoned in 
delineating groups in this study.
Microconidial Formation
Formation of microconidia on false heads only or on both false heads and chains is 
one of the widely used characters in species delineation in this section by all Fusarium 
taxonomists (except Snyder and Hansen’s 9 species classification system). Marasas et 
al. 1982 and Fisher et al. 1983, showed that although water activity affects the length 
of microconidial chains, it does not influence head formers to form chains and vice 
versa as had been reported earlier by Snyder and Hansen (1945) and by Hsieh (1982), 
hence the character is quite stable and reliable. However, in the case of isolates that 
form both chains and false heads, it is not known what determines the proportion of 
the heads to the chains and whether this can be an important character in species 
identification in this section.
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Microconidial morphology
The most important characters used in delineating groups in this study were the shape 
and size of the microconidia and their formation. It was observed that certain types 
of microconidia were almost always associated with certain other characters. For 
example, club shaped flat based microconidia were always associated with chain 
formation (group Al), small fusiform (5.5 - 8.3 x 1.9 - 2.5 pm) only co-occurred with 
reniform to curved and irregular to allantoid microconidia (group J5 and 15) and pear 
shaped associated mostly with isolates that formed both monophialides and 
polyphialides (groups B1 and )
The importance of the morphology of the microconidia to the section Liseola has been 
reviewed by Marasas etal. 1983 and Burgess etal. 1989. Microconidial morphology 
has been successfully used in distinguishing F. subglutinans from F  anthophilum 
^Nielson etal. 1983 ^Burgess etal. 1983 .
The presence of pyriform, napiform to globose microconidia has been used as an 
important and reliable character in delineating taxa to specific or varietal level by most 
taxonomists. Brayford (personal communication) however, argues that the character 
may not be very reliable or important since the different microconidia are produced 
by the same phialidic cell. What determines the type of conidia therefore, is not 
known. No work has been done to find out whether the presence of pyriform, 
napiform or globose microconidia may be influenced by incubation conditions and/or 
substrate. This character, however, has been used widely especially in the description 
of the species F  napiforme, F. nygamai, F. dlamini and F  boemiforme. In the present 
study, this character was used to delineate groups because of its constant association 
with other characters*
Macroconidial morphology.
Macroconidial morphology has been reported as not being very useful in delineating 
species within the section Liseola (Fisher et al. 1982, 1983). This is because the 
macroconidia formed by species in this section are mostly similar in appearance. In 
this study however, two groups could be distinguished on the basis of macroconidial 
morphology. One group contained long (21.0 - 60.0 x 3.0 -5.0 pm) macroconidia with
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septation ranging from 3 to 5 (7) septa. The second group of macroconidia were 
relatively short (15.0 - 25.0 x 2.5 -4.0 pm) and septation varied from 1 to 3 (5) septa. 
In this second group, most of the macroconidia were single septate and were only 
formed by two groups (J5 and 15), groups which did not form the long type of 
macroconidia during the course of this study. Since the occurrence of these 
macroconidia was correlated with the occurrence of specific types of microconidia, this 
supports the strength of the use of microconidial morphology in delineating groups 
in this study.
Thus, on the morphological studies carried out in this study, the phialidic cell (scored 
as monophialides only or both monophialides and polyphialides present), microconidia 
formation on false heads only or on both false heads and either short or long chains, 
and the type (shape and size) of both the microconidia and macroconidia were used 
as the stable and reliable characters used to separate the different groups.
From these observations it is considered by the author, that the groups defined in 
section 5.4 in this study may represent different species (or varieties) and 
investigations were extended further to include mating tests and mycotoxin production.
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6.0 MATING TESTS
6.1 Introduction
Macroconidia morphology, the most commonly used trait in distinguishing species in 
the genus Fusarium, is not so helpful in distinguishing species in the section Liseola 
(Leslie 1991). As a result, as seen from the previous sections, a number of characters 
such as phialide type and microconidia morphology have been applied. Another 
dimension that has been applied in an attempt to reduce the difficulties in the 
rqjcono^ of this section is the use of the sexual stage (Booth 1981, Kuhlman 
1982). This approach was also applied in this study to find out the correlation 
between the groups defined by using the morphological characters and the ability to 
form the Gibberella stage with mature perithecia containing viable ascospores. Using 
these mating tests experiments, the aim of the study was also to compare the 
frequency of fertile crosses between isolates from within the same sample and also 
between isolates from different samples and areas.
r
The successful establishment of a heterokaryon is a complex process that depends on 
both environmental and genetic factors (Correl et al. 1989). The genetic barriers to 
hyphal fusion and heterokaryon formation are widespread and may include: inability 
to form a stable heterokaryon, protoplasmic killing following fusion or formation of 
a barrage. In G. fujikuroi, heterokaryon formation is governed by a series of at least 
ten vie or vegetative incompatibility loci (Correll et al. 1989). These loci control 
heterokaryon formation in a homogenic manner i.e., two fungal isolates are able to 
form a heterokaryon only if the two alleles at each of their corresponding vie loci are 
identical. A homogenous population can thus be divided into a number of different 
VCGs if only two alleles are present at each locus. The possible number of the 
different VCGs can therefore be increased by the presence of the multiple alleles. 
Strains which belong to the same VCG can form heterokaryons in which cytoplasm 
may mix, mitotic recombination may occur and deleterious cytoplasmic agents such 
as mycoviruses can be exchanged. However, in heterokaryosis, nuclei remain as 
discrete entities and therefore, it is not a substitute for sexuality. Mating in Gibberella 
fujikuroi, (which overrides vegetative compatibility- Brayford personal
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communication), is heterothallic and under the control of a single locus with two 
alleles (Leslie 1991).
6.2 Method
Crosses were made following Klittich and Leslie’s method (199^1. Using single spore 
colonies, female strains were grown on the appropriate medium for ten days. The 
cultures were then inoculated using a 10 day old donor (male) spore suspension and 
incubated at 25°C on a 12 hour dark/light cycle. Observations were then carried out 
after 14 - 90 days of incubation. Examinations were carried out by eye and under a 
dissecting microscope in search for blue black perithecia. Mature perithecia could be 
identified under the dissecting microscope by observing a mass of extruding 
ascospores. Individual perithecia were picked up using dissecting needles and washed 
in sterile water in a petridish. These were then squashed on a sterile slide and the 
ascospores used to streak new plates to test for viability where necessary.
6.2.1 Media testing
Following the method outlined above, an experiment was carried out to find out a
suitable medium for successful crosses. Three types of media were tested, viz.,
KC1A
CCA
SPA
V-8 Juice Agar
(see appendix A for medium composition)
6.2.2 Effect of incubation conditions
Sixty plates of V-8 agar were inoculated with the female tester strain Kdl2 (see later 
on section 6.2.7). After 10 days, crossings were made using the male tester strain 
6CnB following the method outlined in section 6.2. In replicates of 10, plates were 
incubated at 25°C - continuous dark, 25°C - 12 hour cycle of dark and light, 20°C - 
continuous dark, 20°C - diffuse light, 30°C - continuous dark and 30°C - ’random 
lighting’
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6.2.3 Effect of spore concentration on perithecial formation
Using the male tester strain 6CnB (see later on section 6.2.7), spore suspensions were 
prepared with the following dilutions: 10°, 10'1, 10'2, 10'3, and 10"4. The female tester 
strain Kdl2, was used to inoculate 25 plates on V-8 agar. Five plates were inoculated 
using 1.0 ml of each concentration. Plates were then incubated at 25°C under a 12 
hour cycle of dark and light.
6.2.4 Frequency of successful crossings within samples.
The frequency of successful crosses within samples was analyzed using twelve 
different samples. These were samples Cnl, Cn2, Cn3, Cn4, Cn5, C nll, Cnl7, Cn20, 
Cn21, Kwl8, Kwl9 and Kw20.
6.2.4.1 Samples from Mashonaland West.
Sample Cnl
Twelve isolates collected from this sample were all crossed against each other 
following the method outlined on section 6.2, resulting in a total of sixty six crosses. 
All these isolates belonged to group Al.
Sample Cn 2
A total of five isolates were collected from this sample. These isolates were crossed 
against each other following the method outlined on section 6.2, resulting in 10 
possible crosses. All these isolates belonged to group Al.
Sample Cn 3.
Five isolates were collected from a total of nine Fusarium isolates. These isolates were 
crossed against each other resulting in 10 possible crosses. All these isolates belonged 
to group Al.
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Sample Cn 4
Twenty five isolates were used for the mating tests of this experiment, resulting in a 
total of 300 crosses. The isolates used are shown in table 20. Eighteen of these 
isolates belonged to group Al, and seven belonged to group Bl.
Table 20. Isolates used for mating tests for sample Cn4.
3Cn 4 4Cn 4 5Cn 4 7Cn 4 8Cn 4
13Cn 4 17Cn 4 18Cn 4 22Cn 4 27Cn 4
3lCn 4 32Cn 4 23Cn 4 35Cn 4 41Cn 4
47Cn 4 53Cn 4 54Cn 4 56Cn 4 59Cn 4
61Cn 4 62Cn 4 63Cn 4 65Cn 4 67Cn 4
Sample Cn 5
Seventeen isolates were crossed against each other following the method outlined on 
section 6.2. A total of (153 crosses were made and all the isolates belonged to group 
Al.
Sample Cn 11
Fifteen isolates out of the 25 collected, were crossed against each other following the 
method outlined on section 6.2. A total of 120 crosses were made and all the isolates 
belonged to group Al.
Sample Cn 17
Twenty-three isolates were crossed against each other resulting in a total of 276 
crosses. 22 of these isolates belonged to group Al and only one isolate, 8Cn 17, 
belonged to group Bl.
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Sample Cn 19
This sample had only two isolates, one (lCn 19), belonged to group Al and the other, 
(2Cnl9) belonged to group Bl). These two isolates were crossed against each other 
and also in a reciprocal cross.
Sample Cn 20
Thirteen isolates were used to find out the frequency of successful matings between 
isolates of this sample. A total of 106 crossings were made following the method 
outlined on section 6.2. All isolates from this section belonged to group Al.
Sample Cn21
Thirty-seven isolates from this sample were used to find out the frequency of 
successful crosses for this sample. A total of 703 crossings were made following the 
standard method outlined on section 6.2. All isolates of this sample belonged to group 
Al.
6.2.4.2 Samples from the Midlands
Only 3 samples which had the greatest group diversity, (Kwl8, Kwl9 and Kw20), 
were used in the mating test experiment.
Sample Kwl8
Twenty isolates were used to carry out mating tests for this sample, resulting in 210 
total crossings. Fourteen isolates belonged to group Al, and 6 belonged to group Bl.
Sample Kwl9
Twenty isolates were used to carry out mating tests for this sample, resulting in 210 
total crossings. Four isolates belonged to group Bl, 10 belonged to group Al and 5 
belonged to group J5.
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Sample Kw20
Sixteen isolates were used to carry out mating tests for this sample resulting in 169 
total crossings. Eight isolates belonged to group Al, 2 belonged to group Bl, 3 
belonged to group J5 and 3 belonged to group 15.
6.2.5 Inter-sample crossing
Ten isolates from sample Cn20 were crossed against 10 isolates from sample Cn21. 
All the isolates belonged to group Al. The same procedure was followed for isolates 
from sample Kw 18 vs isolates from sample Cn20 and for isolates from sample 
Kwl8 vs isolates from sample Cn 4.
6.2.6 Test for homothallism
Isolates Kdl2 and 6CnB (Group Al), 8Kwl7 and 7Kwl8 (Group Bl), Gw24 and 
Gw26 (Group J5), Gw23 and 12Kw20 (Group 15), Kw51 and Kw32 (Group J2) and 
isolates Cnl8 and Cnl7 (Group J3) were used to set up homothallism experiments. 
In replicates of four, plates were inoculated using single spores of each isolate and 
incubated for 10 days. Spores from the same isolate were used as male factor donors, 
and used to inoculate the female strains. The plates were incubated at 25°C under a 
12 hour cycle of dark and light.
6.2.7 Choosing tester strains
From preliminary experiments, it was observed that isolates Kdl2 and 6CnB were 
consistent in perithecia formation but were showing some differences in results of the 
test cross and their reciprocals. Five replicates were therefore set-up together with 
their reciprocals following the standard method outlined on section 6.2.
6.2.8 Tester strains from I.M.I 
Group A 325973 (+), 325938 (-)
Group B 320995 (+), 300942 (-)
Group C 325939 (+), 325940 (-)
Group D 300796 (+), 300795 (-)
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6.3 Results
6.3.1 Media testing
Table 21. Perithecial formation on per plate V-8 juice Agar .
ISOLATES
REPLICATE PLATES
a b MEAN
f Kw 12 x Kw16 500 420 460
f Kw 12x34 Kw 18 73 91 82
Gw 24 x Gw 26 87 104 95.5
16 Kw20 x 12 Kw 19 440 620 530
5Cn 20 x 5Kw 19 600 620 610
5Cn 20 x 15 Kw 17 320 480 400
16 Kw 20 x 34 Kw 18 480 420 450
Kw11 x 12 Kw 19 640 600 620
Kw 11 x 5Cn20 380 720 550
36 Kw 19 x 5Cn 20 91 71 81
36 Kw 19 x 28Cn 20 480 v.s.p 480
41 Kw19x6 KwC 7 1 4
41 Kw 19 x 5Cn20 372 480 426
4CnA x 18Kw 19 3 0 1.5
2Kw 3x 5Cn 20 4 1 2.5
4Kw3 x 6Kw 17 2 8 5
16 Kw20x1 Cn11 276 106 191
16 Kw20x 5 Cn 20 83 43 63
16 Kw20 x 17 Kw 19 500 980 740
16 Kw20x4 Kw 19 57 88 72.5
16 Kw20 x4 Cn A 1 0 0.5
Kd 12 x6CnB 0 0 0
6CnBx Kd12 840 1080 960
v.s.p = very small perithecia
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Perithecial formation was only observed on V-8 juice agar and no perithecia were 
formed on the other three types of media, hence V-8 juice agar was used for all 
mating test experiments.
Effect of incubation conditions
No perithecia were formed at 30°C (table 22). A 12 hour cycle of dark and light 
could not be imposed in this incubator, therefore the conditions were mostly dark, 
apart from the random switching on of the light by other researchers. The 5 plates 
placed in a box to provide complete darkness showed no perithecia formation. At 20°C 
under the dark conditions, an average of 4.0 perithecia per plate were formed whereas 
under the same temperature but with diffuse light, an average of 107.2 perithecia per 
plate were formed. At 25°C, a 12 hour cycle of dark and light resulted in an average 
of 906.0 perithecia per plate, whereas the completely dark condition resulted in an 
average of 34.2 perithecia per plate (table 22.). All the mating experimental plates 
were therefore, incubated under a 12 hour cycle of dark and light and 25°C.
Table 22. Variation of perithecial formation with incubation conditions.
PLATE 20oC - 20oC - 25oC - D 25oC - 30oC - D 30oC
NO D DL 12hr-C RL
1 6 93 13 980 0 0
2 3 27 41 1100 0 0
3 0 53 15 820 0 0
4 0 157 22 736 0 0
5 11 61 71 900 0 0
6 1 146 21 840 0 0
7 0 68 7 900 0 0
8 0 141 49 1100 0 0
9 0 79 61 840 0 0
10 3 103 33 732 0 0
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Choosing the tester strains
After 14 days of incubation, the plates where Kdl2 was used as a mycelial donor 
(female) and 6CnB used as the spore donor (male), formed an average of 888 
perithecia per plate whereas the reciprocal crosses did not form any perithecia at all 
in all the five plates (table 23.). These results show that these two strains may be used 
as isolates' 'sex - tester strains'.
Table 23. Sexuality in Gibberella fujikuroi
Replicates (Plate number)
6CnB (male) 1 2 3 4 5
Kdl2 (female) 780 800 1100 860 900
Replicates (Plate number)
Kdl2 (male) 1 2 3 4 5
6CnB (female) 0 0 0 0 0
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Sample Cnl
The results obtained from the crossings of this sample showed that twenty-three (34.8 
%) of the sixty-six crosses produced mature perithecia with viable ascospores. These 
crosses are shown on table 24.
Table 24. Perithecial formation by isolates from sample Cnl.
Crossing no. of perithecia Crossing no. of perithecia
3Cnl x 6Cn 1 380 5Cnl x 6Cnl 800
3Cnl x 22Cnl 400 5Cnl x 22Cnl 400
3Cnl x 33Cnl 780 5Cnl x 33Cnl 380
3Cnlx 34Cnl 860 5Cnl x 34Cnl 620
6Cnl x 22Cnl 23 llC n l x 22Cnl 780
9Cnl x 22Cnl 380 llC n l x 33Cnl 396
9Cnl x 33Cnl 240 llC n l x 34Cnl 400
9Cnl x 34Cnl 600 22Cnl x 31Cnl 107
22Cnl x 33Cnl 157 22Cnl x 46Cnl 93
22Cnl x 34Cnl 200 31Cnl x 33Cnl 840
22Cnl x 41Cnl 153 31Cnl x 34Cnl 46
22Cnl x 44Cnl 17
1 nb. not all ascospores were tested for viability
The 12 isolates were also crossed against the tester strains Kdl2 and 6CnB (table 25). 
Only 4 isolates produced perithecia when crossed against 6CnB, and 9 produced 
perithecia when crossed against Kdl2. These results show that isolates 6, 33 and 34 
are female strains, isolate 22 is hermaphrodite but with stronger female properties and 
the remaining eight isolates were male strains.
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Table 25. Sexuality of isolates from sample Cnl.
Isolate Kdl2 6CnB
3Cnl 640 -
5Cnl 820 -
6Cnl - 480
9Cnl 500 -
11 Cnl 320 -
22Cnl 88 680
31Cnl 420 -
33Cnl - 720
34Cnl - 320
41Cnl 380 -
44Cnl 420 -
46Cnl 380 -
Sample Cn2
None of these crosses resulted in perithecial formation. The isolates were then crossed 
against the female and male tester strains and results are shown on Table 26.
Table 26. Sexuality of isolates from sample Cn2.
Isolate Kdl2 6CnB
lCn2 240 0
3Cn2 0 0
4Cn2 820 0
9Cn2 12 0
12Cn2 0 0
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The results showed that isolates 1CN2 and 4CN2 were male strains. The ascospores 
formed from the cross 9CN2 x Kdl2 could not germinate. (The three isolates were 
sub-cultured and re-examined for morphological characters but were found to belong 
to the same group, Al, with all the other isolates. Therefore, their sexuality could not 
be determined.
Sample Cn3
The cross between isolate lCn3 and 5Cn3 resulted in approximately 43 mature 
perithecia (table 27).
Table 27. Sexual compatibility of isolates from sample Cn3.
Female
isolates
Male isolates
lCn3 3Cn3 5Cn3 6Cn3 7Cn3
lCn3 0
3Cn3 0 0
5Cn3 43 0 0
6Cn3 400 300 57 0
7Cn3 61 380 0 0 0
The cross between isolate lCn3 and 6Cn3 resulted in approximately 400 mature 
perithecia. From the two results, since both 5Cn3 and 6Cn3 were crossed successfully 
against lCn3, it can be concluded that isolate 6Cn3 and 5Cn3 belonged to the same 
mating group, i.e., isolates lCn3, 5Cn3 and 6Cn3 belonged to the same mating group. 
Isolate 7Cn3 also formed approximately 61 mature perithecia when crossed against 
isolate lCn3 which then adds isolate 7Cn3 to the above group. The cross 3Cn3 x 
6Cn3 resulted in approximately 300 mature perithecia, and also the cross 3Cn3 x 7Cn3 
resulted in approximately 380 mature perithecia. These results add isolate 3Cn3 to the 
above group. Thus, from the results of these crosses it can be fairly concluded that 
the 5 isolates lCn3, 5Cn3, 3Cn3, 6Cn3 and 7Cn3 belonged to the same mating 
population.
However, the crosses lCn3 x 3Cn3 and 3Cn3 x 5Cn3 were sterile with the latter
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resulting in observable mycelial differences. Therefore, reciprocal crosses were set up 
which also resulted in sterile plates. Testing these 3 isolates for sexuality showed that 
all these isolates were male strains.
Sample Cn4
The results showed that only 41 out of the 300 crosses (13.7 %) were fertile. These 
fertile crosses are shown on table 28.
Table 28. Sexual compatibility of isolates from sample Cn4.
Cross No. of 
perithecia
Cross No. of 
perithecia
Cross No. of 
perithecia
|3 x 17Cn4 360 5 x 27Cn4 51 8 x 54Cn4 9
3 x 27Cn4 480 5 x 31Cn4 600 17 x 27Cn4 7
3 x 31Cn4 640 7 x 17Cn4 380 17 x 54 Cn4 640
3 x 54Cn4 680 7 x 27Cn4 2 18 x 27Cn4 107
5 x 17Cn4 360 7 x 3 1  Cn4 700 18 x 31Cn4 640
5 x 54 Cn4 147 8 x 17 Cn4 540 18 x 54Cn4 81
22 x 31 Cn4 320 8 x 31Cn4 900 22 x 27 Cn4 9
22 x 54Cn4 241 31 x 54Cn4 73 27 x 53Cn4 121
27 x 31Cn4 61 41 x 54 Cn4 98 27 x 54Cn4 243
27 x 41Cn4 33 47 x 54Cn4 22 27 x 61Cn4 103
27 x 47Cn4 12 53 x 54 Cn4 12 27 x 62Cn4 251
27 x 65Cn4 248 54 x 61Cn4 7 27 x 63Cn4 172
27 x 67Cn4 11 54 x 62Cn4 57 54 x 65Cn4 81
54 x 67Cn4 133 54 x 63Cn4 2
nb. not all ascospores were tested for viability
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The 25 isolates were then tested for their sexuality using the tester strains Kdl2 and 
6 CnB. Results showed that 14 isolates (56.0 %) only crossed successfully when used 
as male strains against Kdl2. Only 2 isolates, 27Cn4 and 54Cn4, produced mature 
perithecia with viable ascospores when crossed against either 6CnB or Kdl2, hence 
where hermaphroditic. The remaining 2 isolates only crossed successfully against 
6CnB. Thus, on this sample, 14 isolates were male strains, 2 female and 
hermaphroditic. The other 7 isolates could not form any perithecia with either of the 
tester strains (These isolates belonged to group Bl).
Sample Cn5
Out of 153 crosses, 93 (60.1%) of these crosses (table 30), produced mature perithecia 
with viable ascospores. These isolates were also crossed against the. tester strains 
Kdl2 and 6CnB. The results showed that 5 of these were hermaphroditic, 8 isolates 
were male and the remaining 4 were female.
Sample C nll
Out of the 120 crosses made, 36 (30%) only, were successful. From these results, 
isolates lC n ll and 5Cnll were classified as hermaphroditic, isolates 7Cnll, 32Cnll 
and 41 C nll were classified as female and the rest were grouped as male strains. 
These results were also confirmed by crossing against the tester strains.
Sample Cnl9
The cross between these 2 isolates was infertile. However, isolate lCnl9 produced 
420 perithecia when crossed against 6CnB, and 256 perithecia when crossed against 
Kdl2. Thus, this isolate could act as both male and female donor. Isolate 2Cnl9, 
however, could not produced any perithecia when crossed against the tester strains. 
This isolate belonged to group Bl.
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Table 29. Frequency of fertile crosses between isolates from sample Cn5.
2Cn5 6Cn53Cn5 7Cn5lCn5
lCn5
320
640 540
500 300400
200 240320
480200 780
540400 320
780 540300 380 103
720 300 420 400
500 640380 400 320 400300 320 400
300 400 400 840 600 400 200400 480
106580480 280
620 720300
720 241540320
760540 600 400 680 380 103
400600 800 600 720 440 380
240780 320 300
39 Cn5 40Cn5 51Cn5 60Cn5 63Cn5 64Cn5
123 200280
400 400
nb. not all ascospores were tested for viability
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Sample Cn20
No perithecia were formed from 106 crosses carried out on this sample. Crossing 
these isolates against the tester strains Kdl2 and 6CnB (table 30), revealed that all 
(with the exception of isolate 17Cn20, were male strains. Isolates 17Cn20 could not 
form perithecia even when crossed with Kdl2 or 6CnB. This strain also a bluish 
pigmentation on V-8 agar, a character which was not common amongst all the other 
isolates.
Table 30. Sexuality of isolates from sample Cn20.
Isolate Kdl2 6CnB Isolate Kdl2 6CnB
6Cn20 >1000 0 23Cn20 >1000 0
7Cn20 720 0 24Cn20 >1000 0
8Cn20 680 0 25Cn20 >1000 0
15Cn20 >1000 0 29Cn20 500 0
20Cn20 >1000 0 30Cn20 >1000 0
22Cn20 320 0 17Cn20 0 0
26Cn20 430 0
Sample Cn21
No perithecia were formed from 706 crosses carried out on this sample. Crossing 
these isolates against the tester strains (table 31), revealed that 32 of these isolates 
were male strains. Two isolates, 21Cn21 and 53Cn21, showed some weak female 
properties though they could not form any perithecia with any of the sample isolates. 
Two other isolates, 39Cn21 and 40Cn21, could not form any perithecia even when 
crossed with either of the tester strains. These isolates, like 17Cn20, produced a 
bluish pigment, which was a rare factor among other isolates.
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Table 32. Sexuality of isolates from sample Cn 21.
Isolate Kdl2 6CnB Isolate Kdl2 6CnB
lCn21 680 0 34 Cn21 800 0
2 " >1000 0 35 " >1000 0
3 " >1000 0 36 " 93 0
12 " 820 0 37 " 540 13pp
13 " >1000 0 38 " 800 0
14 " 480 0 39 " 0 0
15 " 600 0 40 " 0 0
16 " 720 0 41 " 460 0
17 " >1000 0 42 " >1000 0
19 " 800 0 44 " 780 0
20 " >1000 0 45 " 680 00
21 " 0 9 46 " 300 0
22 " 106 0 47 " 300 0
23 " 360 0 48 ” >1000 llpp
24 " 580 0 50 " 440 0
26 " >1000 0 51 " >1000 0
31 " 200 0 52 " 0 0
32 " 880 0 53 " >1000 15
33 " 620 0 0
Sample Kwl8
Out of the 210 crosses made on this sample, 43 resulted in fertile crosses. All the 
successful crosses were from the isolates that belong to group Al. Results of these 
crosses, and also crossing these isolates against the tester strains, revealed that two 
isolates (34 Kw 18 and 28 Kw 18), were hermaphroditic, 5 isolates (9, 10, 38,21 and
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8 ), were female strains, and nine isolates(35, 2, 17, 16, 15, 1, 4, 11 and isolate 3Kw 
18), were male strains. The four isolates, (22, 5, 6 and 7), which belonged to group 
Bl did not form any perithecia in any of the crosses.
Sample Kw 19
Out of the 210 crosses made, 47 were fertile, producing mature perithecia with viable 
ascospores. These results together with those obtained from crossings against tester 
strains, revealed that, among the 10 isolates that belonged to group Al, two isolates 
(5Kwl9 and 14Kw 19) were female strains, one isolate (27Kw 19) was hermaphroditic 
and 7 isolates (3, 7, 22, 21, 29, 31 and 32) were male strains. Among the 6 isolates 
that belonged to group J5, only the cross llKw 19 x 12Kwl9 produced mature 
perithecia with viable, single septate ascospores. All the crosses between isolates in 
group Bl were not fertile.
Sample Kw 20
No perithecia were formed out of the 169 crosses made on this sample. The three 
isolates 2, 3 and 16 which belonged to group Al, were all male strains as revealed by 
the formation of 420, 136 and >1000 perithecia when crossed against Kdl2 
respectively.
Inter-sample crossing
Crosses between isolates from sample Cn 20 vs isolates from sample Cn 21.
No perithecia were formed out of the 100 crosses made. All the isolates, although 
they belonged to group Al, were male strains.
Crosses between isolates from sample Kwl8 vs isolates from sample Cn 20.
Out of the 100 crossings carried out between 10 isolates from each sample, 29 fertile 
crosses were obtained (table 33). Fertile crosses were obtained only when a male 
strain was crossed against a female strain or a hermaphroditic strain or when a 
hermaphroditic isolate was crossed against a male, female or another hermaphroditic 
isolate. None of the group Bl isolates formed perithecia.
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Table 33. Sexual compatibility of isolates from sample Kwl8 and sample Cn20.
7Cn20 30
Cn20
15
Cn20
23
Cn20
25
Cn20
20
Cn20
6Cn20 8Cn20 29
Cn20
26
Cn20
2Kwl8 0 0 0 0 0 0 0 0 0 0
34" 300 600 500 >1000 >1000 161 700 >1000 102 57
35" 0 0 0 0 0 0 0 0 0 0
22" 0 0 0 0 0 0 0 0 0 0
5" 0 0 0 0 0 0 0 0 0 0
6" 0 0 0 0 0 0 0 0 0 0
7" 0 0 0 0 0 0 0 0 0 0
9" >1000 600 >1000 500 500 136 22 600 >1000 760
38" >1000 >1000 103 61 24 500 480 520 >1000 0
17" 0 0 0 0 0 0 0 0 0 0
nb. not all ascospores were tested for viability
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Kw 20 x Cn 4
Out of the 100 crosses carried out between these samples, 20 crosses were fertile 
(table 34). For the first time in this study, did the group Bl isolates result in fertile 
crosses. All the 7 group Bl isolates from sample Cn 4 were used as females and the 
two isolates from sample Kw 20 were used as male strains. The number of perithecia 
formed per plate, however, were far lower than those formed by the group Al isolates.
Table 34. Sexual compatibility between isolates from sample Cn4 and sample Kw20.
2
Kw20
3
Kw20
6
Kw20
7
Kw20
14
Kw20
12
Kw20
9
Kw20
17
Kw20
19
Kw20
21
Kw20
4Cn4 0 0 0 0 91 0 0 6 0 0
13" 0 0 0 0 103 0 0 141 0 0
23" 0 0 0 0 81 0 0 101 0 0
32" 0 0 0 0 37 0 0 61 0 0
56" 0 0 0 0 147 0 0 33 0 0
59" 0 0 0 0 2 0 0 79 0 0
35" 0 0 0 0 21 0 0 57 0 0
17" 640 300 0 0 0 0 0 0 0 0
54" >1000 >1000 0 0 0 0 0 0 0 0
8" >1000 >1000 0 0 0 0 0 0 0 0
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Group B1 isolates from sample Kw 18 vs those from Cn 4.
All the 24 crosses were fertile (table 35), forming from 2 to 161 perithecia per plate. 
Reciprocal crosses with these isolates were all infertile. Thus it could be concluded 
that the seven isolates obtained from sample Cn 4 were female strains and all the 
other group B1 isolates from other samples were either male strains (or mutants).
Table 35. Sexual compatibility between group B1 isolates from sample Kwl8 and 
sample Cn4.
Isolate 5Kwl8 6Kwl8 7Kwl8 22Kwl8
4Cn 4 22 6 81 151
13Cn 4 153 58 93 144
23Cn 4 79 57 22 11
32Cn 4 6 79 103 154
56Cn 4 93 2 4 56
59Cn 4 6 94 34 167
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6.4 Discussion
Mating tests have been applied to delineate species in section Liseola (Kuhlman 1982, 
Leslie 1991, Chen 1991, Sidhu 1985). Most researchers in this field have reported low 
frequencies associated with crossing Fusarium species in the Liseola section but 
without a comprehensive explanation. Sexuality is known to occur in species of this 
section (e.g., Kuhlman 1982) but no detailed studies have been carried out on the 
correlation between sexuality and the frequency of crosses within a given population. 
In this study, it was found that sexuality may determine the frequency of successful 
sexual crosses within a given population.
Out of the four media studied, V-8 juice agar was clearly the best medium. No 
perithecia formation occurred on the other types of media. Similar results have been 
obtained (Hsieh et al. 1977, Kuhlman 1982 and Ch n 1991, Puhalla et al. 1985), 
though Leslie (1991) has reported that carrot agar produced better results than V-8 
juice agar.
In this study, it was shown that a 12 hour cycle of dark and light at 25°C was the best 
for perithecia formation. It is thus, proposed by the author, that, sexual crossing may 
involve a temperature sensitive part of the life cycle. These may be either 
physiological or morphological. For example, assuming a germ tube to develop from 
the male spore into the swollen female hyphal end, one of the structures may be 
temperature sensitive and thus may die before fertilization (pre-zygotic) or soon after 
fertilization (post-zygotic).
Alternatively, if this process involves some specific enzymatic or any other secondary 
metabolites, their synthesis may, be either hindered or diverted at different 
temperatures. The later seems to be more applicable if we consider the results from 
the other incubation conditions. A possible explanation would thus be, any change of 
environmental conditions from 22-25°C and a 12 hour cycle of dark and light, results 
in either less synthesis to complete inhibition or partial to complete diversion of path 
ways of certain secondary metablites involved in sexual reproduction.
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Other researchers have reported similar results concerning light (Hsieh et al. 1977, 
Kuhlman 1982). However, some researchers have reported a temperature of 20°C to 
be better than 25°C (Hsieh etal. 1977) though they did not subject the plates incubated 
at 25°C to a 12 hour cycle of dark and light. However, from these results, those by 
Hsieh and those from Kuhlman’s work, it can be concluded that perithecia formation 
is relatively good in the temperature range of 20 - 25°C in the presence of a 12 hour 
cycle of dark and light.
Traditionally, it has been recommended to use a spore concentration of 106 per ml. In 
this study, the effect of spore concentration on perithecia formation was evaluated. 
Results, showed that there was a slight but not statistically significant decrease in the 
number of perithecia formed per plate with decrease in concentration from 108 to 104 
spores per ml and thus any spore concentration within this range may be used.
When the isolates from the different groups were self crossed, none of the crosses 
were fertile, suggesting that all the isolates were heterothallic. Similar findings have 
been reported by other researchers (Chan 1991, Leslie 1991). However, an interesting 
observation was that, when mycelia were scraped off the plates of some isolates and 
the plates re-incubated, some plates developed some perithecia. These perithecia, 
however, did not mature and did not contain any asci. Thus, perithecia formation 
may be a multi-step process initiated by certain types of metabolites but also needing 
some other different metabolites for completion. For example, some diffusible 
metabolites may be responsible for triggering off perithecia formation whereas 
ascospore formation and maturation may be dependent on other metabolites that may 
come from or as a result of the presence of a second isolate of the opposite ’sex’. 
Scrapping off the mycelia may therefore trigger off some protective response or 
pathways whose by-products may also initiate perithecia formation. These substances, 
as suggested before, may be temperature or light sensitive and/or light dependent.
On sample Cnl, twelve isolates all from group A l were crossed in 66 crosses. Eight 
isolates were male strains, 3 female and 1 hermaphroditic. Thus under an ideal
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condition, one would expect a total of 35 crosses to successful basing on all possible 
combinations. Thus with such a combination of strains, it could be predicted that the 
frequency of the successful crosses would not exceed 57.6% whereas 35% was 
obtained see page 155
On sample Cn2, 5 isolates were used resulting in 10 possible crosses. Since the sex 
test results showed that all the isolates (which belonged to group Al) were male 
strains, one would expect no crosses to be fertile assuming sexuality is the highly 
determining factor. These expected results agreed well with the observed results. Two 
of the isolates, however, could not form any perithecia with either of the tester strains. 
When these isolates were re-examined, for group affinity, they were found to still 
belong to group Al. An explanation for their sterility may be that they are mutants or 
there may be other factors that override sexuality.
On sample Cn4, the 25 isolates used for the mating test experiment composed of 18 
isolates from group Al and 7 isolates from group Bl. Of the 18 Al isolates, crossing 
against tester strains revealed that 2 isolates were hermaphroditic, 14 isolates were 
male strains and 2 were female. Thus one would expect, excluding isolates from group 
Bl, a fertile crossing frequency of not more than 43.1% (or < 22.0% including the 
group Bl isolates).
Samples Cn20 and Cn21 help to clarify the assumption that sexuality may be the 
factor largely responsible for fertile crossing frequencies. On sample Cn20,13 isolates 
belonging to group Al were crossed in a total of 106 crosses. The results from the sex 
test experiment showed that all the strains had only male fertility factors. Thus, 
assuming that sexuality is the main determining factor, none of the crosses would 
result in fertile crosses.
Thirty-seven isolates were used from sample Cn21 resulting in 703 crossings. All the 
isolates belonged to group Al. Only 1 isolate formed some minute protoperithecia 
which did not mature and contained no asci. These results were expected since 32/37 
were male strains. Protoperithecia formation has been reported (Leslie 1991, Ch; n
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1991) though the explanation is not known. Two isolates, 21Cn21 and 53Cn21, 
formed 3 and 5 mature perithecia with viable ascospores respectively when crossed 
against 6CnB, however, could not form any perithecia when crossed with the other 
isolates of the same sample. The reason may be that there may be some other micro­
factors that may affect the initial perithecia formation. Perithecia formation has been 
reported to be sensitive to environmental conditions and to naturally occurring 
mutations (Leslie 1991). These factors may affect perithecia initiation or maturation 
and/or may affect other traits such as the number of perithecia formed, the number of 
ascospores per ascus or the maturity of the ascospores.
Generally, it is thought that in heterothallic fungi, there is a greater chance of 
obtaining a successful cross by using isolates from different localities. However, in an 
attempt to verify this general idea by carrying out some inter sample crossings, it was 
found that the origin of the isolate may not be as important as the sex of the isolate. 
Ten male isolates from sample Cn20 were crossed against 10 male isolates from 
sample Cn21. A few crosses (6) resulted in minute protoperithecia which did not 
contain asci whereas the other crosses (94) were infertile. A similar trend was obtained 
when isolates from sample Kwl8 were crossed against isolates from sample Cn21. 
Fertile crosses were obtained only when a male or hermaphroditic isolate was crossed 
against a female or hermaphroditic isolate.
Crossing the isolates from sample Kw20 and those from sample Cn4 gave the most 
interesting results. Previously, during the course of these mating experiments, all the 
group Bl isolates had failed to produce perithecia in any of the crosses carried out, 
However, when 2 group Bl isolates from sample Kw20 (used as male strains) were 
crossed against the 6 group Bl isolates from sample Cn4, all the crosses were fertile. 
These results led the author to suggest that the 6 strains from sample Cn4 were female 
whereas those from all the other samples were male strains. To verify the assumption, 
4 group Bl isolates from sample Kwl8 were crossed against 6 group B l isolates from 
sample Cn4 and indeed all the crosses were fertile. These results, not only helped to 
clarify the fact that sexuality is a very important factor in the formation of the
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Gibberella stage in Fusarium section Liseola, but also explains the traditional belief 
that there is a greater chance of obtaining a fertile cross by using isolates from 
different localities.
Intergroup crossing
Out of the eight groups defined in section 5.0, only three groups formed fertile 
crosses. These were groups Al, Bl and I5/J5.
Group Al (= F. monilifotme)
Most of the isolates used in this study belonged to group Al. These isolates produced 
perithecia within five days of cross inoculation, the ascospores though, did not mature 
until after 10 - 14 days. Most crosses which were fertile produced between 400-800 
perithecia per plate. The perithecia were blue to black and when maturing, the 
ascospores extruded through the ostiole and appear as yellowish to orange mass above 
the perithecia when viewed under the dissecting microscope. The ascospores varied 
from unicellular to multicellular and were n o r i n  shape. Kuhlman (1982), 
described G. fujikuroi var moniliformis (= mating group A) as the Gibberella stage o f 
Fusarium species that form microconidia in both chains and false heads but only on 
monophialides. These characters correspond to group Al in this study and hence the 
sexual stage formed by members of group Al correspond to Kuhlman’s G. fujikuroi 
var moniliformis (= mating population A).
Group Bl (= F  proliferation)
The isolates in this group were not as widespread as the group Al. Most of the 
isolates were male strains except the six strains from sample Cn4. Perithecia 
formation per plate was lower than that observed for group Al. The reason may be 
that the V-8 juice agar may not be the best medium for this group. Hsieh et al. 
(1977), reported that V-8 juice agar was only suitable for the formation of the 
Gibberella stage in matings groups A and B. They found that mating group C 
performed better on Sach’s agar that on V-8 juice agar. Thus group Bl may have
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slightly different nutritional requirement to group Al and hence may require a 
specifically defined medium for higher perithecia formation. Kuhlman described G. 
fujikuroi var intermedia as having the largest perithecia and small ascospores. Since 
members of group Bl in this study formed microconidia in both chains and false heads 
and also forms both monophialides and polyphialides, the Gibberella stage they formed 
would correspond to G. fujikuroi var intermedia. Kuhlman (1982), described mating 
population D as having morphologically different perithecia and ascospore size to 
mating group A. However, in this study, the perithecia and ascospores formed by 
crossing members of group Bl were not readily distinguishable from those formed by 
members of group A l except that the multicellular ascospores were more frequent in 
this group than in group Al members.
Variation in the Gibberella stage has not been studied. It is not known whether media 
effects have the same impact on perithecia and ascospores size as in the Fusarium 
stage.
In all the crosses carried out, members of group Bl did not cross successfully against 
any member of any other groups defined on section 5.0, and unfortunately could not 
cross with the representative isolates from I.M.I.
Groups J2, J3, and K5 could not form any perithecia. The reason may be due to 
media effects or other environmental conditions. Further research is needed on media 
specifications for the different groups. These isolates could not cross with any isolate 
from any other group nor with representative isolates obtained from I.M.I.
The most interesting results concerning the mating test experiments when crossings 
were carried out on members of groups 15 and J5. The main difference between these 
two groups are that, in group 15, microconidia are formed only on monophialides 
whereas in group J5, microconidia are formed on both monophialides and 
polyphialides. However, when isolate Gw24 (15) was crossed against Gw26 (J5), 
mature perithecia with viable ascospores were formed. The perithecia were blue-black
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as those formed in groups Al and Bl. The size of the perithecia ranged from 110 to 
350 pm by 220 to 320 pm. The perithecia were formed mostly after 4 weeks of 
incubation on V-8 juice agar and under the standard conditions used in this study. 
The ascospores matured 10 - 14 days after perithecia formation. These 
ascospores were relatively uniform as compared to those in the other groups. The 
average size of the ascospores was 11.3 - 15.3 x 4.4 - 6.8 pm. The ascospores were 
produced in groups of 8 in an ascus and were almost always single septate. 
Unicellular or multicellular ascospores were not observed during the course of this 
study in these crosses. Uniseptate ascospores are not unique to this group. They are 
known to exist in other groups (Kuhlman 1982), but mostly in combination with 
multicellular ascospores.
These results, together with the morphological characters’ description, is further 
evidence that the isolates in groups 15 and J5 may be distinct species from those in 
groups J2 and J3.
In conclusion, though some groups could not cross successfully, mating tests can be 
a powerful tool to aid taxonomy in the section Liseola. It has been successfully 
applied in this study though further experiments are still needed especially in defining 
media for the other groups and exploring variation in ascospore morphology due to 
media composition.
The results of the morphological characters used to define groups in sections 4.0 and 
5.0, agree with the results of the mating tests for group delineation in this study. All 
the characters thus studied (morphological and mating tests), suggest that groups 15 
and J5 may be different species or varieties from those defined by earlier taxonomists 
(Nelson etal. 1983, Burgess etal. 1983 andNirenberg 1982). The mating tests suggest 
that the Gibberella stage formed by these two groups may be different in perithecia 
and ascospore size to any of the six mating groups, A-F, (Kulhman 1982, Leslie 1991 
and Hsieh et al. 1977) thus far defined, though further studies are needed concerning 
both the Fusarium and the Gibberella stages of isolates of these two groups.
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Since some groups did not form any fertile crosses, further work was then carried out 
on secondary metabolism in an attempt to strengthen morphological grouping carried 
out in sections 4.0 and 5.0«
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7.0 Secondary metabolism
7.1 Introduction
Secondary metabolism is one of the many terms in mycology, which encompasses an 
enormous body of accumulated scientific knowledge and evoke an even larger body 
of unanswered questions (Bennett 1983). It is not the aim of this study to discuss 
secondary metabolism at this point, however, it is worthwhile to work from a given 
definition. According to Bennett (1983), secondary metabolites are a diverse group 
of natural products unnecessary for growth (or better still, which purpose for growth 
is not known), of restricted taxonomic distribution, generally produced during a limited 
stage of the growth cycle from a few simple precursors derived from primary 
metabolism. In other words, secondary metabolism is anabolic, dispensable and 
organisms can loose secondary metabolic capability without dying. Secondary 
metabolism in fungi may include mycotoxins, pigments, hormones, and antibiotics 
(Turner 1971, Turner et al. 1983). In some groups of fungi, e.g., PeniciUium, 
intensive taxonomic studies have often incorporated cultural characteristics, pigment, 
and protein analysis (Booth 1966).
According to Booth (1966), taxonomy, if correctly applied, should encompass all the 
characters of an organism. In mycology however, classification is mostly based on 
morphological characters and little, if any, on physiological properties. Recently 
however, the application of secondary metabolism to taxonomy has been explored with 
a great deal of success in species identification in the genus PeniciUium (Frisvad and 
Filtenborg 1983, 1989 and Frisvad 1981, 1984) and in the Lichen-forming fungi 
(Hawksworth 1976).
Mycotoxins
The natural occurrence of Fusarium mycotoxins has been widely reported together 
with the methods of detection. Most of these methods, however, are time consuming 
because of their incorporation of extraction, defatting purification, and most needing 
derivatization. Such time-consuming procedures would not be favourable for the 
purpose of taxonomy. However, since the application of thin layer chromatography
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(TLC) for detection of toxigenic species/strains in PeniciUium and Aspergillus (Frisvad 
and Filtenborg 1983, Patterson 1986, Patterson et al. 1985, Patterson et al. 1989 ), 
steps have been taken towards the use of mycotoxins or some other secondary 
metabolites in taxonomy. This simple TLC method for detection of toxigenic strains 
on agar has been applied to the genus Fusarium (Thrane 1986a, 1986b, Ch2n 195)1). 
Traditionally, different isolates of the same species have been grouped into ’producers’ 
and ’non-producers’ of specific mycotoxins (hence the term toxigenic strains).
Secondary metabolism and toxin production
All strains of the same species (with the exception of mutants) contain the same 
genetic material. This is on form of the definition of a species. Broadly speaking, 
secondary metabolite production may either be genetically, environmentally, or 
physiologically controlled, and at any one time, the A factor will be the controller.
The aim of this section, therefore, is to try and understand why strains of the same 
species show variation in regard to secondary metabolite production (represented by 
mycotoxins). It is envisaged by the author that since all strains of the same species 
have more or less uniform genetic constitution and that secondary metabolism is under 
genetic control (directly or indirectly), then all ’wild’ type strains should have the 
potential to produce toxins given the right conditions.
Previously, toxigenicity has been mostly defined on the basis of a single specific 
mycotoxin at a time. However, from the results of other researchers, it is now known 
that a single strain may produce a large spectrum of toxins at a given time. This 
section of the study was therefore aimed at finding the correlation, if any, of the co­
production of the three mycotoxins, zearalenone, moniliformin, and fumonisins. In
<Zb < U .-
this section, Liseola, zearalenone production has been evaluated by Marasas, (1984). 
From his report, Marasas showed that zearalenone production by F. moniliforme is 
very variable and its production is almost always needing incubation at low 
temperatures before productions can be initiated. Marasas also pointed out that the 
production of moniliformin in this section Liseola was mostly restricted to F.
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subglutinans and F. proliferation, and that most F. moniliforme scrams are either non­
producers or low-producers of moniliformin. With the discovery of fumonisins, it has 
now become clear that F. moniliforme is the main producer of fumonisins and this 
group of mycotoxins may account for most of the toxicity observed in this section.
The aims of this set of experiments, therefore, was to evaluate zearalenone, 
moniliformin, and fumonisin production using a large population (886) of isolates 
collected from different maize samples, -to try and correlate the co-production of 
these mycotoxins and to find out any correlation, if any, between the toxins produced, 
morphological characters, mating group, mating sex, and the origin of the isolate.
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7.2 Method and Materials
7.2.1 Mycotoxin Standards
7.2.1.1 Preparation
All the standards used in this study (zearalenone, moniliformin and fumonisin Bl) 
were obtained from Sigma. Zearalenone was supplied in containers of 25 mg each, 
moniliformin in 10 mg and fumonisins in quantities of 10 mg and/or 5 mg each. 
Working standards with the concentrations shown on table 36, were then prepared. 
Fumonisin standards were dissolved in Acetonitrile:Water (1:1) whereas both 
moniliformin and zearalenone were dissolved in methanol.
Table 36. Concentrations of mycotoxin standards used in this study.
FUMONISINS pg/ml ZEARALENONE pg/ml MONILIFORMIN
pg/ml
6.25 1.0 1.0
12.5 5.0 5.0
25.0 10.0 10.0
40.0 20.0 25.0
50.0 50.0 50.0
80.0 100.0 80.0
100.0 100.0
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7.2.1.2 Mycotoxin Visualisation 
Fumonisins
After development in the appropriate solvent, fumonisins were visualised by spraying 
with 0.5% p-anisaldehyde in methanol/acetic acid/conc. sulphuric acid (17:2:1
6 h  a ^~‘
v/v/v)(ThraneA1991) and heating at 120°C for 2V2-3V2 minutes. Fumonisins appear as 
a purple spot under white light and is fluorescent under both near and far u.v. 
fumonisins also appear as a brownish spot under white light or slight bluish 
fluorescent spot under both near and far u.v when sprayed with 50% concentrated 
sulphuric acid in methanol.
Zearalenone
Zearalenone fluoresces a blue-green colour when irradiated with uv wavelength 360 
nm. When sprayed with 50% concentrated sulphuric acid in methanol, the spot 
becomes brownish-yellow under white light and an intense orangish-yellow spot when 
viewed under uv wavelength 360 nm.
Moniliformin
Moniliformin was viewed by spraying with 0.5% methylbenzothiazolone-hydrochloride 
(MBTH). After spraying with MBTH, the moniliformin spot appears as a very faint 
yellow spot under white light. After heating for 10 minutes, this spot changes colour 
to a bluish colour that may intenstify when left exposed for 20 minutes.
7.2.2 Media selection
A total of 41 isolates representing the different groups were chosen and tested for their 
ability to produce any of the three toxins in any combination. Toxin analysis was 
carried out following the method outlined on section 7.2.4 and visualised following the 
method outlined on section 7.2.1.2
7.2.3 Variation of fumonisin Bl production with medium-N-source
Using A basic BNM medium (see appendix A), six different types of media were 
formulated with varying nitrogen sources as shown on table 37.
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Table 37. Six different types of media formulated by varying the nitrogen source to 
test fumonisin production.
MEDIUM Nitrogen Source per 1dm3
Ml 0.92 g NaN03
M2 0.46 g NaN03 + 0.46 g NH4N 03
M3 0.92 g NH4N03
M4 1.41 g NaNO,
M5 0.70 g NaN03 + 0.70 g glycine
M6 1.41 g glycine
7.2.4 Analysis for mycotoxins from culture plates, the modified agar plug method. 
This method was adapted from Thrane (1986a). A small piece of agar approximately 
lcm x 1cm was cut. The piece was placed in a universal bottle. Four to five drops 
of extraction solvent (acetonitrile: water 50:50 v/v) were added to the bottle containing 
the agar block. The contents were shaken for a few minutes. One or two pm were 
then applied to the TLC plate using a microlitre pipette. The spots were dropped at 
approximately lcm apart. A unique point is made for each isolate. The spots were 
let to dry, and then developed in the appropriate developing solvent system. 
Development was let to run until the solvent front covers approximately 80% of the 
plate. Using the 20 x 10 cm plates, a total of 16 different isolates could be run at the 
same time with 2 points left for standards.
7.2.4 Search for the developing solvent
Four different solvent systems were tested for their ability to separate zearalenone, 
moniliformin and fumonisins. These solvent systems were Toluene/ Ethyl acetate/ 90% 
formic acid (T.E.F), Toluene/ Acetone/ Methanol (T.A.M), Chloroform/ Methanol/
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Acetic acid (C.M.A) and Butan-l-ol/ Acetic acid/ Water (B.A.W). Toluene/ Ethyl 
acetate/ 90 % formic acid (TEF 5:4:1 v/v/v) and Toluene/ Acetone/ Methanol (T.A.M 
5:3:2 v/v/v), have been recommended by Thrane/(1991) as general developing solvents 
for most Fusarium toxins. Chloroform/ Methanol/ Acetic acid (C.M.A 6:3:1 v/v/v)
Ce>«Enwa*fc.
was developed by JacksonA(1990) for fumonisin analysis. Butan-l-ol/ Acetic acid/ 
Water (B.A.W 20:10:10 v/v/v) was adapted from Gelderblom et al. 1991 ) also for 
fumonisin analysis. TLC plates (20 x 20 cm Al. Merck 5553, pre-coated silica-gel) 
were cut into 10 x 2 cm strips. A microlitre of toxin standard (1.0 mg/ml) was 
applied to the TLC strip and placed in a beaker containing the developing solvent to 
be tested and covered. The strips were run in replicates of five strips per solvent per 
standard. The setup was left to run for 20-30 minutes for T.E.F, T.A.M and C.A.M, 
or for 40-50 minutes for B.A.W.
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7.3 Results.
7.3.1 Search for the developing solvent
Table 38. Mobility of different mycotoxin standards in different solvents.
Mycotoxin
Standards
Rf values in Toluene/Ethyl acetate/90 % formic acid (TEF 5:4:1 v/v/v)
1 2 3 4 5
Fumonisins 0 0 0 0 0
Zearalenone 0.72 0.72 0.71 0.70 0.71
Moniliformin <0.2 <0.2 <0.2 <0.2 <0.2
Mycotoxin
Standards
Rf values in Toluene/Acetone/Methanol (TAM 5:3:2 v/v/v)
1 2 3 4 5
Fumonisins 0 0 0 0 0
Zearalenone 0.68 0.70 0.66 0.69 0.71
Moniliformin <0.2 <0.2 <0.2 <0.2 <0.2
When the strips developed in both T.E.F and T.A.M were sprayed with p- 
anisaldehyde, heated for 3 minutes and viewed under uv wavelength 360 nm for 
fumonisin detection, in both cases, the fumonisin standards were still at the point of 
origin (table 38). These solvents were therefore rejected as unsuitable for fumonisin 
analysis. T.E.F gave an average Rf value of 0.71 for zearalenone and less than 0.2 
for monilifoim^. T.A.M also gave an average value of 0.69 for zearalenone and less 
than 0.2 for moniliforme. From these results, T.A.M was chosen for the analysis of /  
zearalenone, but both T.A.M and T.E.F were not suitable for neither fumonisin nor 
moniliformin analysis.
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C.A.M
After spraying strips developed in C.A.M with p-anisaldehyde, heating for 3 minutes 
and viewing under uv wavelength 360 nm, the fumonisins were found to be too 
mobile, giving Rf values ranging from 0.77 to 0.83. An attempt was therefore made 
to alter the composition of the solvent to lower the mobility of the fumonisins. This 
was carried out by varying the ratio of acetic acid from 0 to 1. The results showed 
that the relationship between the Rf value of the fumonisins and the ratio of acetic 
acid was not a simple linear relationship and that there was a ’jump’ of the Rf value 
from an acetic acid ratio of 0.75 to 1.0. In addition to this non-linear relationship, 
was the problem of tailing, It was noticed that the fumonisin spot was tailing with 
changes in acetic acid ratio. Other solvent ratios were also tried (e.g., C.M.A 9:3- 
with acetic acid varying from 0 to 1, and also C.M.A-12:6:1). The composition 
C.M.A12:6:1 gave an average Rf value of 0.58 but with a spot height of up to 27 mm. 
Thus, the composition of C.M.A in 6:3:1, was too mobile for fumonisins and an 
attempt to lower the Rf value resulted in distortion of the spot (tailing) and hence this 
solvent system was also abandoned as unsuitable for fumonisin analysis.
B.A.W
This solvent system gave an average Rf value of 0.7. Changing the ratio of water, 
to B.A.W 20: 10:7, gave an average Rf value of 0.64 with no trailing at all. It also 
gave an average Rf value of 0.68 for moniliformin. This solvent system was therefore 
used for both fumonisin and moniliformin analysis.
7.3.2 Variation of FB: production between different media.
There was no detectable amounts of fumonisin Bx produced on PSA from all the 
isolates tested (table 39), even though most of the colonies were highly pigmented. 
Fumonisin Bj production on YES was not very common, but instead was consistently 
associated with particular isolates. It was noticed that the isolates from group K5, 
consistently produced larger fumonisin B1 quantities on this medium than any other 
type of media. The frequency of fumonisin B{ production on BNM was comparable 
to that on the undefined medium, SPA, though on the latter, production was in larger
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Table 39. Variation of fumonisin B1 production with medium 
ua/sa.cm
MEDIUM
SOLATE GROUP PSA YES 50%MEA SPA
12Kw19 J5 nd nd nd nd
12Kw20 15 nd nd nd nd
16Kw20 A1 nd nd 50-80 50-80
18Kw19 A1 nd 80-100 nd >100
1Cn11 A1 nd nd 50 80-100
1Cn11 A1 nd nd >100 >100
1Kw19 A1 nd nd nd nd
1Kw19 A1 nd nd 25-50 >100
26Kw16 A1 nd nd <12.5 nd
26Kw16 A1 nd nd >100 >100
26Kw19 A1 nd nd 25 >100
2Kw3 A1 nd 12.5 nd nd
33Kw19 A1 nd 12.5 25 25
33Kw19 A1 nd nd <12.5 50-80
34Kw18 A1 nd nd nd nd
35Kw18 A1 nd nd <12.5 <12.5
3Kw13 A1 nd 50 50 50
3Kw13 A1 nd nd nd nd
4Cn11 A1 nd nd nd 25
4CnA A1 nd nd >100 >100
4CnA A1 nd nd 50-80 >100
4Kw19 A1 nd 50-80 50 50-80
4Kw19 A1 nd nd 50-80 25
4Kw3 A1 nd nd 25 25
1Cn8 K5 nd >100 nd nd
4Cn8 K5 nd >100 nd <12.5
5aCn8 K5 nd >100 nd nd
5bCn8 K5 nd >100 12.5 nd
5Cn8 K5 nd nd nd nd
5Cn20 A1 nd nd nd <12.5
5Kw3 A1 nd nd 50-80 >100
6Cn11 A1 nd nd nd 25
6CnB A1 nd nd 50 50-80
6Kw19 A1 nd nd 50-80 >100
6KwC A1 nd nd >100 >100
7Kw17 A1 nd 50-80 25 50-80
7Kw17 A1 nd nd nd nd
7Kw20 J3 nd nd nd nd
7Kw20 J3 nd nd nd nd
8Kw17 A1 nd nd nd >100
6Kw12 A1 nd nd nd 50-80
Key
nb. nd = not detected
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Table 39 (contd). Variation of fumonisin B1 production with 
medium pg/sq.cm
MEDIUM
SOLATE GROUP PSA YES 50%MEA SPA
Gw24 15 nd nd nd nd
Gw26 J5 nd nd nd nd
Gw26 J5 nd nd nd nd
Gw27 15 nd nd nd nd
Ka18 J3 nd nd nd nd
Kd12 A1 nd nd 25 50-80
Kw10 J2 nd nd nd nd
Kw32 J2 nd nd nd nd
Kw34 J2 nd nd nd nd
Kw53 J2 nd nd nd nd
MO-2 J2 nd nd nd nd
MO-2 J2 nd nd nd nd
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quantities. From these results, it was shown that fumonisin Bj production by different 
isolates was highly dependent on the type of medium ( or culturing condition in 
general. Since different isolates were showing differencies in fumonisin Bx 
production on different media, it became necessary to find a medium on which all the 
potential fumonisin B: producers would produce fumonisin B2 and vice versa for 
the non-producers. This could be evidence that mycotoxin production (or may be the 
pathway to most secondary metabolites) is/are present in the latent form in all 
organisms of the same species (with the exception of mutants), and will be triggered 
off under the right conditions.
7.3.3 Variation of fumonisin B2 production with medium-N-source
From the results shown on table 40, it was observed that there was a strong correlation 
between the N-source and fumonisin B1 production. There was a remarkable increase 
in both the frequency and the produced amount of fumonisin Bp as the N-source 
changed from N03‘ to either NH4+ or glycine, with the most favourable results from 
the M6 medium. There was also a close relationship between the radial expansion of 
the colonies with the N-source, and hence toxin production.
These results were a clear indication of the dependency of toxin production with 
medium ( or culturing conditions). The medium M6 was, therefore used in the analysis 
of 886 isolates to find any relationship between the different groups defined in section
5.0 and fumonisin B1 production, FBl production and the origin of the isolate, 
mating group, mating type ( sex) , and production of other toxins.
7.3.4 Analysis for mycotoxins from culture plates using the modified agar plug 
method.
The results of this experiment are summarised on tables 41, 42 (page 207) and 43 
(page 215). It was observed that there was no correlation (nor any relationship of any 
sort), between toxin production and mating type of the isolates. There were, however, 
some associations between toxin production and the different morphological groups 
defined in section 5.0.
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Table 40. Variation of fumonisin B1 production with medium N- 
source pg/sq.cm
MEDIUM
ISOLATE GROUP A1 A2 A3 B1 B2 B3
12Kw19 J5 nd nd nd nd nd nd
12Kw20 15 nd nd nd nd nd nd
16Kw20 A1 nd 12.5 50-80 12.5 80-100 >100
18Kw19 A1 nd <12.5 80-100 25 >100 >100
1Cn11 A1 <6.25 12.5 50 25 50 >100
1Cn11 A1 nd <12.5 >100 50 50-80 >100
1Kw19 A1 nd nd 80-100 50 80-100 >100
1Kw19 A1 nd nd 25-50 50-80 50-80 >100
26Kw16 A1 nd nd 25 nd 80-100 >100
26Kw16 A1 nd nd >100 nd 80-100 >100
26Kw19 A1 12.5 25 25 25 >100 >100
2Kw3 A1 nd 12.5 nd nd 50 >100
33Kw19 A1 nd 12.5 25 25 50 >100
33Kw19 A1 nd nd <12.5 50-80 50-80 100
34Kw18 A1 25 25 80-100 50 50-80 100
35Kw18 A1 nd nd <12.5 <12.5 25 100
3Kw13 A1 nd 50 50 50 50-80 >100
3Kw13 A1 12.5 25 80-100 nd >100 >100
4Cn11 A1 nd nd nd 25 25 >100
4CnA A1 nd nd >100 >100 >100 >100
4CnA A1 nd nd 50-80 >100 >100 100
4Kw19 A1 nd 50-80 50 50-80 >100 >100
4Kw19 A1 nd nd 50-80 25 80-100 >100
4Kw3 A1 nd nd 25 25 80-100 >100
1Cn8 K5 nd >100 >100 nd 80-100 >100
4Cn8 K5 nd >100 >100 <12.5 50-80 80-100
5aCn8 K5 nd >100 nd nd 50-80 50-80
5bCn8 K5 nd >100 12.5 nd >100 >100
5Cn8 K5 nd nd nd nd nd >100
5Cn20 A1 nd nd nd <12.5 25 >100
5Kw3 A1 nd nd 50-80 >100 80-100 80-100
6Cn11 A1 nd nd nd 25 50-80 80-100
6CnB A1 nd nd 50 50-80 25 >100
6Kw19 A1 nd nd 50-80 >100 >100 >100
6KwC A1 nd nd >100 >100 >100 >100
7Kw17 A1 nd 50-80 25 50-80 >100 50-80
7Kw17 A1 nd nd nd nd nd nd
7Kw20 J3 nd nd nd nd nd nd
7Kw20 J3 nd nd nd nd nd nd
8Kw17 A1 nd nd nd >100 >100 >100
6Kw12 A1 nd nd nd 50-80 >100 >100
Key
nb. nd = not detected
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Table 40 (contd). Variation of fumonisin B1 production with medium N- source
pg/sq.cm
MEDIUM
SOLATE GROUP A1 A2 A3 B1 B2 B3
Gw24 15 nd nd nd nd nd nd
Gw26 J5 nd nd nd nd nd nd
Gw26 J5 nd nd nd nd nd nd
Gw27 15 nd nd nd nd nd nd
Ka18 J3 nd nd nd nd nd nd
Kd12 A1 nd nd 25 50-80 >100 >100
Kw10 J2 nd nd nd nd nd nd
Kw32 J2 nd nd nd nd nd nd
Kw34 J2 nd nd nd nd nd nd
Kw53 J2 nd nd nd nd nd nd
MO-2 J2 nd nd nd nd nd nd
MO-2 J2 nd nd nd nd nd nd
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Table 41. Toxin production by members of the Liseola section.
Mycotoxin Group
Al Bl J2 J3 J5 15 K5
Moniliformin 3/698 43/67 61/71 13/13 0 0 5/5
Fumonisin B1 684/
698
21/67 0 0 0 0 5/5
Zearalenone 9/698 0 0 0 0 0 0
7.3.4.1 Moniliformin production
43/^7 (64.2%) isolates in group Bl produced moniliformin either on MEA/50, SPA 
or M6 media. Out of these 43 moniliformin producing isolates, 16 isolates also 
produced fumonisin Bl on M6 medium. Nomof these isolates produced zearalenone. 
These isolates belong to Kuhlman’s mating group D.
61/71 isolates in group J2 produced moniliformin. However, all these isolates could 
neither produce zearalenone nor fumonisin Br  Since this group could not form any 
sexual stage during mating test, it was not possible to correlate toxin production with 
mating group or type. However, based on Kuhlman’s description, these isolates 
would belong to mating group B.
13/13 (100%) isolates in group J3 produced moniliformin . Actually, isolates in this 
group, and those in group K5, were the highest producer of moniliformin . However, 
none of these isolates produced detectable amount of fumonisin Bx nor zearalenone, 
Also, isolates in this group could not form any perithecia and hence their mating type 
and group could not be determed.
All the 5 isolates in group K5 produced mon. These isolates were only isolated from 
one sample, sample Cn8. They could not form any Gibberella stage (or any sexual 
stage), and hence their mating types and groups were not known. These isolate s did 
not produce any detectable amount of zearalenone ( see also under fumonisin Bx).
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Only 3/698 isolates from group A l produced moniliformin. One isolate, Kdl2, 
produced all the 3 toxins ( zearalenone, moniliformin and fumonisin BL), though in 
small quantities. Two of these isolates were male strains and 1 (Kdl2) was a female 
strain. These three isolates all belong to mating group A, but from different areas.
7.3.4.2 Fumonisin B2 production
Fumonisin Bj production was highly associated with members of group A. In this 
group, 698 isolates produced varying amounts of fumonisin BP All the isolates (with 
the exception of 5 isolates) belonged to mating group A. There was no relationship 
between mating sa* and the origin of the isolates to fumonisin Bj production. Only 
21/ 67 isolates in group Bl produced fumonisin Bj. Fumonisin Bx production was 
scattered among the isolates and was not dependent on the origin of the isolates nor 
was it dependent on the mating
All the 5 isolates in group K5 produced fumonisin Bv These isolates were also the 
highest (together with isolates in group J3) producers of moniliformin . Thus, the 
goups K5 and Bl, were the only 2 groups which had isolates that were high producers 
of both moniliformin and fumonisin Br
7.3.4.3 Zearalenone production
Zearalenone production was only restricted to 9 isolates in group Al. As said before, 
only one of these isolates produced all the 3 toxins simultaneously. The other 8 
isolates, however, only produced the toxins zearalenone and fumonisin Bv There were 
no detectable amounts of zearalenone produced by isolates from the other groups.
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7.4 Discussion:
In 1983, Ichinoe and colleagues reported on two chemotaxonomic groups in G. xeae. 
They isolated 113 isolates of G. zeae (the perfect stage of F  graminearum) from rice 
stubble and found that, the 93% that produced trichothecenes could be divided into 
2 groups. One group consisted of isolates that produced Nivalenol and Fusarenone-X, 
and the other group produced Deoxynivalenol and 3- Acetyl-deoxynivalenol. No cross 
production of these isolates was observed in their study. These interesting findings, 
thus, stimulated a research for any similar pattern in section Liseola species.
In the present study, the co-production of the toxins zearalenone, moniliformin and 
fumonisin Bx was investigated. Among 886 isolates tested, it was found that only 1 
isolate produced all the 3 toxins simultaneously. Eighteen other isolates produced 
moniliformin and fumonisin B2 simultaneously. Of these 18 isolates, 2 isolates 
belonged to group Al, and 16 isolates belonged to group Bl. A comparison of group 
A1 and group Bl isolates revealed that the majority of the group A l isolates were 
fumonisin B2 producers but non-producers of moniliformin. Group Bl however, 
consisted of isolates that were able to produce the 2 toxins simultaneously (16 
isolates), or 1 of the 2 toxins (5 isolates produced only fumonisin Bp whereas 27 
isolates produced moniliformin only). Using modem taxonomy, the group defined as 
Al, in this study, would correspond to F. moniliforme (Nelson et al. 1983, Burgess 
etal. 1983) or to F  verticillioides (Nirenberg and Gelarch 1982). The non-production 
of moniliformin by F  moniliforme ( = group Al) has been reported (Marasas et al. 
1984, 1979 and Kriek et al. 1981). In 1973, Cole and colleagues first reported the 
mycotoxin moniliformin as produced by an isolate of F. moniliforme isolated from Zea 
mays in the United States. During the course of their study to determine its chemical 
structure, this isolate is reported to have lost its ability to produce the toxin (a factor 
which is commonly reported among Fusarium isolates). Springer etal. 1974, managed 
to isolate and characterized moniliformin from G. fujikuroi (Sawada) Wollenw. NRRL 
6022. This isolate was deposited as F. moniliforme. However, Marasas et al. 1988, 
upon re-examination of this isolate, reported the presence of chlamydospores, and the 
production of microconidia on both monophialides and polyphialides, and also on both
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chains and false heads (characters which would put this isolate in group H using the 
classification system devised in this study). They thus re-classified this isolate as F. 
nygamai Burgess et Trimboli. Marasas also reported of a strain, NRRL 6322, which 
had been reported as a high producer of moniliformin and had been recorded as F  
m onilifojm ebut was re-classified as F  proliferation (Matsushima) Nirenberg (=Group 
Bl) due to the presence of both monophialides and polyphialides.
A similar study was carried out by Marasas etal. 1986 to determine the moniliformin 
production of Fusarium species of the Liseola section. Six different taxa were tested, 
viz, F. moniliforme, F. proliferation, bakanae strains, F. subglutinans, F. anthopbilum 
and F. succisae. They found that only 13 out of 58 (22%) of the toxic strains of F. 
moniliforme produced the moniliformin, whereas 45 isolates produced no detectable 
amounts of moniliformin, results which were also observed in this study. They 
reported 2 of these isolates to have been able to induce ELEM, a disease in horses 
whose induction by fumonisin has been shown beyond doubt. Thus this paper, 
though not known to the authors at the time, was the first report of the co-production 
of Mon and fumonisin Bx by some isolates of F  moniliforme. In their paper, the 
authors found moniliformin production by 8 out of 8 isolates of F  proliferation tested, 
15/15 of bakanae strains, 48/59 isolates of F. subglutinans and by 75% of F  
anthopbilum isolates tested. These results agree well with the findings of the present 
study. Only 3 isolates in group Al out of 698 tested produced moniliformin, whereas 
64.2% of group Bl isolates , 85.9% of the isolates in group J2, 100% of the isolates 
in group K and 100% of the isolates in group J3 produced moniliformin. Thus, from 
this study, it can be seen that, as Marasas (1985) said, "... the term moniliformin is a 
confusing misnomer for a mycotoxin that is not a common metabolite of F  
moniliforme".
In another study on the occurrence and toxicity of F. subglutinans from Peruvian 
maize by Logrieco et al. 1993, all the tested isolates of F. subglutinans produced 
moniliformin. In an interesting pattern noted in this paper was that, in most of the 
samples, the occurrence of F  subglutinans was almost always inversely related to F.
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moniliforme, a trend which, though not very obvious, was observed in the study of 
this thesis (section 3.0 and 3.1). One would be tempted to think about any negative 
interaction between these 2 species, though it may simply be a question of natural 
(environmental) selection rather than any direct interaction.
It is to be noted however, that moniliformin production is not restricted to the Liseola 
section. In a study of moniliformin production by Fusarium species, Chelkowski etal. 
(1990) found that moniliformin was produced by Fusarium acuminatum, Fusarium 
avenaceum, Fusarium dlamini, Fusarium oxysporum, Fusarium proliferatum, 
( Fusarium solani, Fusarium subglutinans and Fusarium tricinctum. Interestingly, they 
also found that F  avenaceum was the highest producer on solid substrate, producing 
up to 2670 mg/kg on rice. (This value is lower than the highest reported amount of 
moniliformin - 33.7 g/kg by Rabie et al. 1982). Thus, on taxonomic basis, 
moniliformin production can not be used to delineate taxa however, it is very 
interesting to note the relationship between the different groups (or species) and 
moniliformin production within the Liseola section.
No pattern could be developed from the production of zearalenone. Only 9 / 886 
isolates in this study produced zearalenone when tested on a number of media. Its 
production was also not reproducible between single spored colonies of the same 
isolate. Marasas 1984 reviewed the reported cases of zearalenone production by F. 
moniliforme isolates. He found that out of 100 isolates tested by different researchers, 
only 7 produced low levels (1 to 19 ppm) of zearalenone, results which agree well 
with the findings of this study. Zearalenone (or F2) has been reported to have 
oestrogenic effects in farm animals. Wolf and Mirocha, 1973, reported that 
zearalenone had also had a sex-regulatory effect in Fusarium roseum (see introduction 
concerning the name F. roseum). However, in this study, no detectable amounts of 
zearalenone were found in the plates used for mating tests. Thus from the results of 
this study, zearalenone is not a common metabolite of the Liseola section and this 
cannot be used as a chemotaxonomic character.
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Fumonisin production in this study, was highest in groups Aj and K (= F. oxysporimi).
98.0 % of the isolates in group A produced amounts varying from as low as 6.25 
pg/cm2 to > 300pg/cm2, whereas all the 5 isolates in group K produce amounts ranging 
from 25.0pg/cm2 to approximately 200 pg/cm2 on B3 medium but were greater than 
300 pg/cm2 on YES medium. An interesting observation was that the T.L.C. plates of 
the K isolates always had two spots, one above the other with the same fluorescence 
appearance. Presence of fumonisin Bx was not analyzed. This is the first report of 
production of fumonisins by group K (=F oxysporuml). It is also interesting to note 
that this group also produced high amounts of moniliformin. Fumonisins, since their 
discovery, (Gelderblom et al. 1988) have been accompanied by a vast amount of 
research. The first definitive report on the ELEM and associated FBX concentrations 
was published by Wilson et al. 1990.
In a survey of FBj production by Fusarium species, Thiel et al. 1991, found that 
fumonisin production was restricted to Fusarium moniliforme and Fusarium 
proliferatum , with the exception of one isolate of Fusarium nygamai. Ross etal. 1990, 
also reported on fumonisin production by species of both Fusarium moniliforme and 
Fusarium proliferatum. In their study, they found F  proliferatum  isolates to produce 
amounts (2,790 pg/g) higher than the entire amounts produced by Fusarium 
moniliforme (2,350 pg/g). An interesting study on the production of FBj by Fusarium 
species other than F. moniliforme in section Liseola and by some related species was 
carried out by Nelson et al. 1992. They tested strains of F. proliferatum, F. 
subglutinans, F. acuminatum, F. succisae, F  beomiforme, F  dlamini, F  napiforme and 
F. nygamai. They found that none of the isolates of Fusarium subglutinans (out of 23), 
Fusarium annulatum (one isolate tested), Fusarium succisae (two isolates tested), 
Fusarium beomiforme (out of 15 isolates) produced FBj. These findings agree well 
with the findings of this present study. None of the 71 J2 (=F subglutinans) isolates 
produced any detectable amounts of fumonisins. In their study, 19/31 (61%) isolates 
of Fusarium proliferatum  produced FBjwhereas in the present study, it was observed 
that only 21/67 (31.3%) of the group Bl (=F. proliferatum) produced FBX. In their 
study however, Nelson etal. (1992) reported on the production of fumonisins by 3 out
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of 17 isolated of Fusarium anthophilum. In this study however, none of the 13 strains 
of group J3 (= F. anthophilum) produced any detectable amounts of fumonisin Bv 
The isolates in group K have been identified as Fusarium oxysporum at I.M.I and as 
F  nygamai? by Thrane and as F. dlaminP. by Nirenberg. The production of FBX was 
confirmed using two different methods. The first was by developing the mixture in 
two different solvent systems and spraying with the same reagent or vice versa (ie. 
developing in the same solvent system by spraying with two different spraying 
reagents. The second method was by using a two-dimensional T.L.C. which confirmed 
the presence of the FBi in cultures of this group. To the knowledge of the author, this 
is the first report of fumonisin production by Fusarium oxysporum. The main reason 
for this belated discovery may be due to the fact that species of this group, though 
known to be plant pathogens, are hardly associated with com kernels or any other food 
grains.
Thus, in this study, it has been shown that moniliformin production was associated 
mostly with four of the morphological groups defined in section 4.0, fumonisin 
production to three groups and that zearalenone was not a common metabolite (under 
conditions used in this study) of species of the Liseola section. Also, from the 
variation that was observed between fumonisin production and media constitution, it 
raises questions over the validity of describing isolates as producers and non-producers 
of a given mycotoxin. It was shown in this study that none of the 41 isolates produced 
fumonisins on PSA, 9/41 produced FBX on YES, 20/41 on 50% MEA and 24/41 
produced FBl on SPA. However, 684/698 isolates belonging to group Al produced 
fumonisins on the M6 medium. A similar dependency of toxin (or secondary 
metabolites) production on types of media has been reported (Frank 1990, Borrows et 
al. 1961). It thus shows that further investigation is needed for the understanding of 
the basis of toxin production (or secondary metabolism in general) in fungi.
From the several definitions that have been suggested from time to time, one of the 
earlier ones implies that neither the intermediates nor the products of secondary 
metabolism have any functions in the producing organism. This definition has
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recently been dealt with in a more restrictive way, which emphasizes that the products 
of the bio-chemical processes involved in secondary metabolism have no function 
in the growth processes of the organism. Even this more restrictive definition is very 
unsatisfactory as there is no scientific nor experimental basis to put the hypothesis on 
firm footing. Most of the secondary products are formed from a limited number of 
key precursors derived from primary metabolism, e.g., acetyl-CoA, intermediates such 
as Shikimate and Chorismate in the bio-synthesis of aromatic acids, Di- and tri­
carboxylic acids and amino acids.
Products of Secondary Metabolism, besides mycotoxins, include phytotoxins, 
antibiotics alkaloids, terpenes etc.. In an attempt to answer the question why, Foster 
(1949), put a hypothesis for the shunt and overflow metabolism. Shunt in this context 
refers to those primary metabolites that accumulate in the cell mainly due to 
unbalanced substrate composition. Thus the organism has acquired a way of 
eliminating primary products by way of secondary metabolism, probably for 
detoxification or it is an attempt by the organism to maintain / conserve the integrity 
of existing metabolic systems. Most mycotoxins e.g., aflatoxins, zearalenone, patulin, 
penicillic acid, quinoid toxins and many others are polyketides. This means that they 
are formed mostly from malonyl and acetyl co-enzyme A. The detoxification theory 
may thus be supported since the accumulation of malonate, known to be an enzyme 
inhibitor, may be fatal.
Nover and Luckner (1978) have studied the formation of Viridicatin and Viridicatol 
in surface cultures of Penicillium cyclopium which are formed from anthranilic acid, 
phenylalanine and methionine. Knowledge of the individual enzymatic steps in the 
biosynthetic path ways led them to study the localizations of the participating enzymes 
to hypha and conidiophore respectively during the development of the organism. They 
also demonstrated that the secondary metabolites are not present in the hyphae during 
the growth phase. During the early idiophase, the formation of the primary enzyme, 
cyclopenin synthatase is induced. This enzyme is responsible for assembling 
participating amino acids to the initial secondary structure. The enzymes cyclopenin
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dehydrogenase and dehydrocyclopenin epoxidase are also induced at the same time. 
Concomitantly, cell differentiation takes place with the formation of penicilli and 
conidiospores. Contrary to the hyphae cells, the young conidiospores contain 
cyclopenin dehydrogenase and dehydrocyclopenin epoxidase as constitutive enzymes. 
During the maturation of the spores, the enzyme cyclopenase is synthesized, which 
catalyses the transformation of the cyclopenin derivatives into viridicatin derivatives. 
Cyclopenase is present neither in the hyphae nor in young spores but only in mature 
spores. It, thus, looks as though there is a connection between the formation of 
secondary products and the spore formation in the organism studied, though the use 
of mutants showed that the relationship between these two processes may be a 
question of coincidence than direct interaction.
A constellation of technical problems impedes research on the genetic basis of 
secondary metabolism-including mycotoxins. Most toxin producing species lack a 
sexual stage (teleomorph), making traditional Mendelian genetic analysis impossible. 
Secondly, mycotoxins may not be direct gene products, but are also, as a result of the 
enzymatic transformation of small precursor molecules through elaborate biosynthetic 
pathways. Thirdly, cell free systems are poorly developed and few of the enzymes 
involved in mycotoxin biosynthesis have been isolated. Finally, strain degeneration 
in originally high producing strains is common and occurs at a high frequency.
The non-distribution of mycotoxin production between genera, species and varieties 
of fungi is both erratic and enigmatic. For example, Leistner and Pitt (1977), reported 
on mycotoxin production by 422 Penicillium  isolates grown on yeast extract broth. 
Of these, 10.4% produced penicillic acid, 4% produced Ochratoxin A, 2.6% produced 
Penitrem, 2.4% produced citrinin and 1.4% produce patulin. Mycotoxin production 
is now known to be dependent on, the isolate of the fungus, its nutrition and 
interaction with other micro-organisms, by storage conditions and by other factors such 
as use of anti-fungal agents (e.g., Frank 1990). This and other factors make toxin 
production a weak character that cannot be reliably used for taxonomic purposes.
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8.0 General discussion
In this present study, the first part was to determine the prevalence of Fusarium species 
on Zimbabwean com. Out of a total of fifty-six different maize samples analyzed, 
Fusarium species of the Liseola section formed the dominant flora on thirty-seven samples 
(66.1 %). In this present study, two samples were analyzed for fumonisin levels. One of 
the samples, collected from Gweru hardly had any fungal contamination, but had FBj 
levels of 568 pg/kg. The other sample, from Chinhoyi had relatively high levels of 
fusarium but had fumonisin contamination as low as 64 pg/kg. Such a poor correlation 
between F  moniliforme contamination and levels of FBX present has been reported. 
Rheeder et al. 1992, has suggested that this poor correlation may be due to the presence 
of two types of F. moniliforme. He suggested that one group is made up of isolates that 
result in symptomless infections and that this group produces very low amounts of 
fumonisins. The second group is composed of isolates that result in visible infections and 
produce large amounts of fumonisns. However, in the light of the results obtained in this 
present study of the relationship between media and fumonisin production, such a 
hypothesis would stand very weak.
The importance of this study can be seen in the light of other similar studies. Of particular 
interest is the analysis of F. moniliforme and fumonisins in com in relation to high 
oesophageal cancer risk areas in the Transkei (Rheeder et al. 1992). These researchers 
found that the most consistent difference in the mycoflora of com kernels was the 
significantly higher incidence of F  moniliforme in com from high eosophageal cancer risk 
areas as compared to those from low risk areas. However, neither F. moniliforme nor 
fumonisins have been demonstrated to cause eosophageal cancer experimentally.
The dependency on media type by fumonisin production observed in this present study 
suggests that the levels of fumonisins obtained in different com samples may be 
determined by factors such as environmental conditions, nutritional constitution of the 
com kernels (and hence com variety), presence of other large organisms and the length
of period of colonisation before analysis. The fact that one type of F. moniliforme can 
exist in com as an endophyte in the pedicle area, and hence not visible, whilst fumonisin 
production is still possible, also accounts for the poor correlation between F. moniliforme 
contamination and fumonisin production. This property also poses some problems to all 
grain handling organisations. Most screenings at most depots, e.g., in Zimbabwe, is by 
visual inspection. However, in cases where F. moniliforme exists as an endophyte, such 
kernels can not be identified as contaminated and hence visibly sound kernels may contain 
relatively high fumonisin levels and this causes a health risk to animals and man.
F  moniliforme has been reported as the most prevalent fungus in coro areas around 
the world (Marasas etal. 1984, Nelson etal. 1981) but much more widespread in tropical 
and subtropical regions. Its most common source in foods is com because of its ability 
to persist under both storage and field conditions, though it causes some diseases in rice, 
both stalk and cob rot and also attacks sugar cane. Infection on com may take place 
during development through silks, holes and fissures in the pericarp or simply by 
systemic infection through the transportation and translocation systems of the plant.
Although the infection by Fusarium results in poor quality com either through 
discoloration, shrinking of kernels or any other visible changes, of most importance to 
date is the production of fumonisin by this species. Though fumonisin production is not 
confined to F  moniliforme (as seen section 7.0 and also Thiel et al. 1991), the other 
species reported (e.g., F. nygamai), are hardly isolated on com, and even when they occur 
(e.g., F. proliferatum), their frequency of occurrence is far less than that of F. 
moniliforme. As seen in section 1.5.2.3, these compounds are complex molecules 
consisting of a 20 carbon aliphatic chain with two ester-linked hydrophillic side chains 
and primary amine group. They are polar compounds and their thermal stability has been 
reported. Their carcinogenicity has been reported (Gelderblom et al. 1991, Gelderblom 
and Snyman 1991) who found that they caused liver cancer in 66% of the rats fed with 
50 mg/kg over a period of 18-26 months. However, Gelderblom et al. 1992, found that 
FBX mycotoxins were very poor cancer initiators as measured by their ability to induce
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rare hepatocytes. They also found that they also lack genotoxic effects in both the in vivo 
and in vitro DNA repair assays in hepatocytes, and that its cytotoxicity may be lower than 
that by aflatoxin B.
Gelderblom and Snyman (1991), found that there was no dose-response relationship 
observed for concentrations of 0.2-10.0 mg/plate tested using Salmonella to test for their 
mutagenicity. However, they were found to be cytotoxic to cells at concentration levels 
of 5 and 10 mg/plate in the absence of the microsomal activation mixture. Thus the 
toxicity of F  moniliforme cultures reported to date may either be due to an additive effect 
of a number of toxins or due to some yet undiscovered compounds. However, their 
causative role in pulmonary eodema and hydrothoran in swine has been shown (Harrison 
et al. 1990, Ross et al. 1990). Since their discovery, fumonisin contamination has been 
reported in Brazilian feeds (Sydenham etal. 1992), in com-based products from the Swiss 
market (Pitter et al. 1992), in the United States (Ross et al. 1991), and in South Africa 
(Rheeder et al. 1992).
From the study by Rheeder et al. 1992, in the high eosphageal cancer risk areas, it was 
estimated that the daily intake of fumonisins by an individual consuming 460 g of healthy 
or mouldy com per day, may consume between 0.014 and 0.44 mg/kg/day. Basing on 
such figures, it is necessary that countries set up their standard limits for acceptable levels 
of fumonisins in consumable foods, a value which will likely be 5 pg/g or lower.
The larger and more interesting part of this study has been in the study of the use of a 
number of characters in the study of species in Liseola section occurring on Zimbabwean 
com.
Since the first workable Fusarium classification system was published by Wollenweber 
and Reinking in 1935, a number of Fusarium specialists have recognised different 
numbers of taxa within the section Liseola (see page 14). Examples of such specialists
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include Snyder and Hansen’s 9 species classification system without sections, Gerlach & 
Nirenberg’s 100 species and varieties in 16 sections, Booth’s 5\ ■■fcyccL- and formae
g,
special^ in 12, sections and Nelson et al. (1983) system with only 53 species in 15 
sections. The three systems, Nirenberg & Gerlach 1982, Burgess etal. 1983 and Nelson 
etal. 1983 have made the large discrepancies of previous decades between the 'lumpers' 
(e.g., Snyder & Hansen) and the splitters (e.g., Wollenweber and Reinking 1935). All 
Fusatium specialists, as Samson and Gams said; ".... have now realised that it is 
impossible to force a large and diverse genus into a small and fixed number of species 
in which on intra-specific taxa would be available for morphologically distinct entities" 
(Samson & Gams 1984).
Chen (1991), argued that the sectional name, itself, Liseola, which has been widely used 
in literature, is predated by the name section Moniliforme. This would mean that applying 
the strict rules of nomenclatural priority, the name Liseola would be replaced by 
Moniliforme, a step which would undoubtedly bring more confusion to the history of the 
section.
In the three species, F  moniliforme (= Group Al, F  verticillioides), F  subglutinans (= 
Group J2, F. saccbari) and F. proliferatum (= group Bl), the oldest available species name 
applies to the microconidial form only (Samson and Gams 1984). This factor has been the 
main source of confusion and controversy in the nomenclatures of the species, some 
taxonomists (e.g., Neish & Leggett 1981), have argued that the ge.nua Fusarium is 
primarily defined by its macroconidia and a microconidia fungus alone is not sufficient 
to serve as a type for a species of Fusarium, whereas, Gams (1984), argued in favour of 
recognising the epithets for the microconidia!! and microconidial fungus, since they 
regarded the two conidial forms as not fundamentally different (Samson and Gams 1984).
Hughes, 1979, used the term synanamorph for the microconidial state of a hyphomycete 
that produces both macroconidia and microconidia. The latter have become important in
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taxonomy and nomenclature especially in the Liseola (= Moniliforme) section where it is 
used to delineate species and also that some old available epithets refer to the 
microconidial form only (Gams 1984).
According to Gams (1984), Oospora verticillioides Sacc. 1881, matches the microconidial 
Fusarium moniliforme Sheld. 1904, strain well and the term Fusarium verticillioides 
should be adopted. Also after showing the priority of epithets between sacchari and 
subglutinans, he argued that " the epithet subglutinans is certainly not available for this 
taxon".
However, the epithet moniliforme and subglutinans have been so widely used in literature 
especially in the Australian, American, South African and British ’schools’ of Fusarium 
classification and changing names of these species would certainly cause more confusion 
than order in this section. In this study, a different approach was adopted as seen in 
sections 4.0 and 5.0. Such a system would certainly bridge the gap between the two main 
school of thoughts and the nomenclature of the species in the Liseola section. This system 
employs morphological characters such as mode of microconidial formation, shape and 
size of microconidia, type and size of the phialide/conidiogenous cell and the presence or 
absence of the chlamydospores. All these characters used in this study carry the same 
weight. This system automatically combines the current sections Liseola and Elegans. 
Throughout the history of Fusarium classification, these two sections have been separated 
by the formation of chlamydospores by members of the Elegans section, represented by 
Fusarium oxysporum. Szecsi & Dobrovolszky (1985,1986a and 1986b), in a study of the 
phytogenetic relationships among Fusarium species measured by DNA reassociation, 
found a high (77.6 %) re-association value between Fusarium moniliforme and Fusarium 
oxysporum, which may suggest that the two species may be related. Moreover, the four 
recently described species are morphologically similar to species of both Liseola and 
Elegans. These species, Fusarium beomiforme, Fusarium dlamini, Fusarium nygamai and 
Fusarium napiforme are distinguished from the species in the Liseola section by the 
formation of chlamydospores. These are also distinguished from Fusarium oxysporum
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Schlect: Fr. amend. Snyder & Hansen by the type and mode of microconidial formation. 
The stability of these characters has been confirmed by Nelson et al. 1990. A new 
sectional name, DlaminicL was suggested for these newly described species based on 
the first species to be described, Fusarium dlamini (the epithet dlamini originates from the 
name of the chief of the village in which the species was first discovered).
However, since there is a greater overlap between the sections Liseola, Elegans and the 
proposed section DlaminicL" the author does hereby suggest the combination of all these 
three sections into one section. One common feature (though not unique to this section, 
e.g., section Sporotrichiella) in the three sections is the importance of microconidia in 
delineating taxa. A new sectional name is hereby proposed as section MICROCONIDIOS. 
Thus, following the findings of this research and also that of other Fusarium taxonomists, 
the description of this section would be as follows:
Section Microconidios
Colonies colourless to wine yellow, violet, dark violet to purple and greyish 
orange to brownish red, sky-grey marine blue and sometimes ink blue on PSA.
Chlamydospores may be present or absent. Where present, they may be formed 
singly, in pairs or in groups.
Microconidial formation may be singly on false heads only, false heads and 
short chains (short chains in this context refers to an average of 7 spores or a 
maximum of 15 spores in a single chain), or on both false heads and long chains.
Microconidia formed on short monophialides (approximately 12.0 pm), medium 
monophialides (approximately 21.0 pm), long phialides (approximately 35-45 pm) or 
on both monophialides and polyphialides.
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Microconidia shape may be oval, oval to reniform, cylindrical to cigar shaped, 
pear to globose (napiforme), reniform to curved, allantoirL or irregular shaped 
varying from 0 to 3 septate.
be.
Macroconidia^produced singly on aerial mycelia or in orange sporodochia (the 
ability to form sporodochia, like many other characteristics in Fusarium, may be lost 
through repeated subculturing (Burgess et al. 1983). The macroconidia may be short 
(approximately 15-25 pm), medium (approximately 35 pm) or long (up to 60 pm long), 
slender, falcate to almost straight, varying from 1 to 5 septate, thin walled with a 
characteristic ’sharp’ apical cell (tapered to a point) which may be slightly curved.
Sexual state where known, belongs to Gibberella. Perithecia are blue-black to 
violet. All isolates are heterothallic.
Asci contain 8 ascospores.
Ascospores varying from 1 to multi [4(5)] septate.
Fumonisin and moniliformin production may be present or absent.
Thus, this section contains species that have previously been included in the sections 
Liseola (= Moniliforme), Elegans, DlaminiO- and some species yet to be described.
204
A new species Fusarium microsporus Mubatanhema & Moss containing two varieties was 
also described based on the results of this study. The two varieties were:
Fusarium microsporus var monophialidicus Mubatanhema & Moss. 
Fusarium microsporus var polyphialidicus Mubatanhema & Moss. 
Brief description of the species.
Colony pigmentation.
All the isolates of this species examined during the course of this study showed no 
pigmentation on PSA. Most colonies were dull to wine yellow in appearance.
Colony morphology
Isolates examined in this study hardly formed any aerial mycelia on PSA and MEA. 
However, aerial mycelia were well developed on V-8 juice agar and were similar in 
appearance to the mycelial type formed by other members of the section Microconidios.
Microconidia type and formation 
See section 5.0, pages 137-138.
Microconidia formed only on monophialides: Fusarium microsporus var monophialidicus 
Mubatanhema & Moss.
Microconidia formed on both monophialides and polyphialides: Fusarium microsporus var 
polyphialidicus Mubatanhema & Moss.
Macroconidia
Macroconidia formed on orange sporodochia on CLA and SPA. The macroconidia are 
short (approximately 15-25 pm), slender, falcate to almost straight, varying mostly from 
1 to 3 septate (but may be up to 5), thin walled with a characteristic ’sharp’ apical cell 
(tapered to a point) which may be slightly curved and a foot cell (see fig 28).
Sexual stage.
See section 6.0, page 173.
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Metabolite profile 
See section 7.0, page 189.
The epithet microsporus was derived from the relatively small macroconidia (see fig 28, 
page 134) formed by this species. Although the formation of micrconidia on either 
monophialides only or on both monphialides and polyphialides has been used in this study 
to delineate taxa at species level, these two varieties crossed successfully to form the 
Gibberella stage and hence the distinction at varietal level. The Gibberella stage formed 
by these two varieties was also different in ascospore type and size to the mating groups 
previously described. Whether this represents a new variety/mating group in Gibberella, 
still needs further investigation.
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Table 42. Summary of the results of the mating tests and mycotoxin production of
some isolates collected from the Midlands area (nb this table continues up 
to page 214).
Cn1 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
3 M A FCIV MC0 ZCO A1 F. moniliforme
5 M A FCIV MC0 ZCO A1 F. moniliforme
6 F A FCIV MC0 ZCO A1 F. moniliforme
9 M A FCIV MC0 ZCO A1 F. moniliforme
U M A FCIV MCV ZCO A1 F. moniliforme
22 H A FCIV MC0 ZCO A1 F. moniliforme
31 M A FCIV MC0 ZCO A1 F. moniliforme
33 F A FCIV MC0 ZCO A1 F. moniliforme
34 F A FCIV MC0 ZCO A1 F. moniliforme
41 M A FCIV MC0 ZCO A1 F. moniliforme
44 M A FCIV MCII ZCO A1 F. moniliforme
46 M A FCIV MC0 ZCO A1 F. moniliforme
Cn2 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 M A FCIV MC0 ZCO A1 F. moniliforme
3 ? ? FCIII MC0 ZCO A1 F. moniliforme
4 M A FCIV MC0 ZCII A1 F. moniliforme
9 M A FCIV MC0 ZCIII A1 F. moniliforme
12 ? ? FCIV MC0 ZCO A1 F. moniliforme
Cn3 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 M A FCIV MC0 ZCO A1 F. moniliforme
3 M A FCIII MC0 ZCO A1 F. moniliforme
5 H A FCII MCO ZCO A1 F. moniliforme
6 F A FCIV MCO ZCO A1 F. moniliforme
7 F A FCIV MCO ZCIV A1 F. moniliforme
Key
Mat type = mating
Mat group = mating group
FB1 prod. = fumonisin B1 production
MON prod. = moniliformin production
ZEN prod. = zearalenone production
Group = Group affinity according to morphological characters used in this study 
Clss. Nel. = Classification according to Nelson etal .  1983 
M = male 
F = female
FC (n) = fumonisin category 
ZEN (n) = zearalenone category 
MON (n) = moniliformin category 
e.g., n = 0, fumonisin B1 not detected
n = I, fumonisin B1 < 12.5 pg/sq.cm block 
n = II, fumonisin B1 12.5 < FB1 < 25.0 pg/sq.cm block 
n = III fumonisin B1 25.0 < FB1 < 50.0 pg/sq.cm block 
n = IV fumonisin B1 50.0 < FB1 < 80.0 pg/sq.cm block 
n = V fumonisin B1 80.0 < FB1 < 100.0 pg/sq.cm block 
n = VI fumonisin B1 FB1 > 100.0 pg/sq.cm block 
nt = not tested
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Cn4 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
3 M A FCIV MCO ZCO A1 F. moniliforme
4 F D? FCIV MCO ZCO B1 F. proliferatum
5 M A FCIV MCO ZCO A1 F. moniliforme
7 M A FCIV MCO ZCO A1 F. moniliforme
8 M A FCIV MCO ZCO A1 F. moniliforme
13 F D? FCIV MCO ZCO B1 F. proliferatum
17 F A FCIV MCO ZCO A1 F. moniliforme
18 M A FCIV MCO ZCO A1 F. moniliforme
22 M A FCIV MCO ZCO A1 F. moniliforme
27 H A FCIV MCO ZCO A1 F. moniliforme
31 F A FCIV MCO ZCO A1 F. moniliforme
32 F D? FCIV MCO ZCO B1 F. proliferatum
23 F D? FCIV MCO ZCO B1 F. proliferatum
35 F D? FCIV MCO ZCO B1 F. proliferatum
41 M A FCIV MCO ZCO A1 F. moniliforme
47 M A FCIV MCO ZCO A1 F. moniliforme
53 M A FCIV MCO ZCO A1 F. moniliforme
54 H A FCIV MCO ZCO A1 F. moniliforme
56 F D? FCIV MCO ZCO 61 F. proliferatum
59 F D? FCIV MCO ZCO B1 F. proliferatum
61 M A FCIV MCO ZCO A1 F. moniliforme
62 M A FCIV MCO ZCO A1 F. moniliforme
63 M A FCIV MCO ZCO A1 F. moniliforme
65 M A FCIV MCO ZCO A1 F. moniliforme
67 M A FCIV MCO ZCO A1 F. moniliforme
Cn5 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
9 M A VI MCO ZCO A1 F. moniliforme
11 M A VI MCO ZCO A1 F. moniliforme
12 M A VI MCO ZCO A1 F. moniliforme
16 F A V MCO ZCO A1 F. moniliforme
19 M A V MCO ZCO A1 F. moniliforme
22 F A VI MCO ZCO A1 F. moniliforme
28 H A V MCO ZCO A1 F. moniliforme
31 H A V MCO ZCO A1 F. moniliforme
39 M A VI MCO ZCO A1 F. moniliforme
43 M A VI MCO ZCO A1 F. moniliforme
44 H A VI MCO ZCO A1 F. moniliforme
51 F A VI MCO ZCO A1 F. moniliforme
53 M A VI MCO ZCO A1 F. moniliforme
57 M A V MCO ZCO A1 F. moniliforme
63 H A V MCO ZCO A1 F. moniliforme
69 F A V MCO ZCO A1 F. moniliforme
70 H A VI MCO ZCO A1 F. moniliforme
Cn7 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt VI MCO ZCO A1 F. moniliforme
2 nt nt VI MCO ZCO A1 F. moniliforme
3 nt nt VI MCO ZCO A1 F. moniliforme
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Cn8 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 ? ? VI VI ZCO K5 F. oxysporum
2 ? ? VI VI ZCO K5 F. oxysporum
4 ? ? VI VI ZCO K5 F. oxysporum
5a ? ? VI VI ZCO K5 F. oxysporum
5b ? ? VI VI ZCO K5 F. oxysporum
Cn9 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt VI MO ZCO A1 F. moniliforme
2 nt nt V MO ZCO A1 F. moniliforme
3 nt nt VI MO ZCO At F. moniliforme
4 nt nt V MO ZCO A1 F. moniliforme
5 nt nt VI MO ZCO A1 F. moniliforme
Cn10 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt VI MO ZCO A1 F. moniliforme
2 nt nt VI MO ZCO A1 F. moniliforme
3 nt nt VI MO ZCO A1 F. moniliforme
4 nt nt VI MO ZCO A1 F. moniliforme
5 nt nt VI MO ZCO A1 F. moniliforme
Cn11 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 H A VI MO ZCO A1 F. moniliforme
4 M A VI MO ZCO A1 F. moniliforme
5 H A VI MO ZCO A1 F. moniliforme
6 M A VI MO ZCO A1 F. moniliforme
7 F A VI MO ZCO A1 F. moniliforme
11 M A II MO ZCO A1 F. moniliforme
15 M A III MO ZCO A1 F. moniliforme
17 M A IV MO ZCO A1 F. moniliforme
23 M A VI MO ZCO A1 F. moniliforme
31 M A IV MO ZCO A1 F. moniliforme
32 F A VI MO ZCO A1 F. moniliforme
41 F A IV MO ZCO A1 F. moniliforme
45 M A VI MO ZCO A1 F. moniliforme
49 M A VI MO ZCO A1 F. moniliforme
53 M A VI MO ZCO A1 F. moniliforme
55 M A II MO ZCO At F. moniliforme
57 M A V MO ZCO A1 F. moniliforme
63 M A V MO ZCO A1 F. moniliforme
71 M A VI MO ZCO A1 F. moniliforme
77 M A V MO ZCO A1 F. moniliforme
80 M A VI MO ZCO A1 F. moniliforme
88 M A II MO ZCO A1 F. moniliforme
89 M A VI MO ZCO A1 F. moniliforme
93 M A VI MO ZCO A1 F. moniliforme
94 M A II MO ZCO A1 F. moniliforme
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Cn12 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
11 nt nt FCI MCII ZCO B1 F. proliferatum
13 nt nt FCIl MCV ZCO B1 F. proliferatum
17 nt nt FCV MO ZCO A1 F. moniliforme
34 nt nt FCV MO ZCO A1 F. moniliforme
41 nt nt FCIl MO ZCO A1 F. moniliforme
57 nt nt FCIII MO ZCO A1 F. moniliforme
59 nt nt FCIV MCII ZCO B1 F. proliferatum
60 nt nt FCIV MCIII ZCO B1 F. proliferatum
67 nt nt FCIl MCII ZCO B1 F. proliferatum
69 nt nt FCIl MCV ZCO B1 F. proliferatum
Cn13 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
3 nt nt FCVI MO ZCO A1 F. moniliforme
6 nt nt FCVI MO ZCO A1 F. moniliforme
9 nt nt FCVI MO ZCO A1 F. moniliforme
14 nt nt FCVI MO ZCO A1 F. moniliforme
21 nt nt FCVI MO ZCO A1 F. moniliforme
22 nt nt FCVI MO ZCO A1 F. moniliforme
27 nt nt FCVI MO ZCO A1 F. moniliforme
Cn14 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
6 nt nt FCIII MCII ZCO B1 F. proliferatum
9 nt nt FCIV MCIII ZCO B1 F. proliferatum
10 nt nt FCIl MO ZCO A1 F. moniliforme
17 nt nt FCIl MCIII ZCO B1 F. proliferatum
5 nt nt FCV MO ZCO A1 F. moniliforme
11 nt nt FCIII MO ZCO A1 F. moniliforme
13 nt nt FCIII MO ZCO A1 F. moniliforme
21 nt nt FCVI MO ZCO A1 F. moniliforme
27 nt nt FCIII MO ZCO A1 F. moniliforme
31 nt nt FCIV MO ZCO A1 F. moniliforme
33 nt nt FCVI MO ZCO A1 F. moniliforme
36 nt nt FCVI MO ZCO A1 F. moniliforme
41 nt nt FCIV MO ZCII A1 F. moniliforme
47 nt nt FCVI MO zcv A1 F. moniliforme
Cn15 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt FCVI MO ZCO A1 F. moniliforme
2 nt nt FCO MO ZCO A1 F. moniliforme
3 nt nt FCIV MO ZCO A1 F. moniliforme
4 nt nt FCVI MO ZCO A1 F. moniliforme
5 nt nt FCVI MO ZCO A1 F. moniliforme
6 nt nt FCO MO ZCO A1 F. moniliforme
7 nt nt FCVI MO ZCO A1 F. moniliforme
210
Cn16 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
3 nt nt FCVI MO ZCO A1 F. moniliforme
4 nt nt FCVI MO ZCO A1 F. moniliforme
7 nt nt FCVI MO ZCO A1 F. moniliforme
9 nt nt FCVI MO ZCO A1 F. moniliforme
10 nt nt FCVI MO ZCO A1 F. moniliforme
11 nt nt FCVI MO ZCO A1 F. moniliforme
Cn17 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
25 nt nt FCV MO ZCO A1 F. moniliforme
2 nt nt FCVI MO ZCO A1 F. moniliforme
4 nt nt FCIII MO ZCO A1 F. moniliforme
6 nt nt FCIII MO ZCO A1 F. moniliforme
8 ? ? FCVI MCVI ZCO B1 F. proliferatum
31 nt nt FCVI MO ZCO A1 F. moniliforme
9 nt nt FCVI MO ZCO A1 F. moniliforme
28 nt nt FCVI MO ZCO A1 F. moniliforme
27 nt nt FCVI MO ZCO A1 F. moniliforme
29 nt nt FCVI MO ZCO A1 F. moniliforme
17 nt nt FCV MO ZCO A1 F. moniliforme
20 nt nt FCVI MO ZCO A1 F. moniliforme
18 nt nt FCVI MO ZCO A1 F. moniliforme
24 nt nt FCVI MO ZCO A1 F. moniliforme
13 nt nt FCIV MO ZCO A1 F. moniliforme
12 nt nt FCIII MO ZCO A1 F. moniliforme
11 nt nt FCVI MO ZCO A1 F. moniliforme
26 nt nt FCIl MO ZCO A1 F. moniliforme
22 nt nt FCIl MO ZCO A1 F. moniliforme
23 nt nt FCVI MO ZCO A1 F. moniliforme
15 nt nt FCVI MO ZCO A1 F. moniliforme
7 nt nt FCVI MO ZCO A1 F. moniliforme
37 nt nt FCVI MO ZCO A1 F. moniliforme
34 nt nt FCIII MO ZCO A1 F. moniliforme
33 nt nt FCVI MO ZCO A1 F. moniliforme
Cn18 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt FCVI MCO ZCO A1 F. moniliforme
Cn19 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 M A FCVI MCO ZCO A1 F. moniliforme
2 M D? FCIII MCVI ZCO B1 F. proliferatum
211
Cn20 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 M A FCVI MCO ZCO A1 F. moniliforme
2 M A FCVI MCO ZCO A1 F. moniliforme
3 M A FCVI MCO ZCO A1 F. moniliforme
4 M A FCV MCO ZCO A1 F. moniliforme
5 M A FCV MCO ZCO A1 F. moniliforme
6 M A FCVI MCO ZCO A1 F. moniliforme
7 M A FCV MCO ZCO A1 F. moniliforme
8 M A FCIII MCO ZCO A1 F. moniliforme
9 M A FCVI MCO ZCO A1 F. moniliforme
10 M A FCVI MCO ZCO A1 F. moniliforme
11 M A FCVI MCO ZCO A1 F. moniliforme
12 M A FCV MCO ZCO A1 F. moniliforme
13 M A FCVI MCO ZCO A1 F. moniliforme
14 M A FCVI MCO ZCO A1 F. moniliforme
15 M A FCVI MCO ZCO A1 F. moniliforme
16 M A FCIV MCO ZCO A1 F. moniliforme
17 ? ? FCIV MCO ZCO A1 F. moniliforme
18 M A FCVI MCO ZCO A1 F. moniliforme
20 M A FCVI MCO ZCO A1 F. moniliforme
21 M A FCIl MCO ZCO A1 F. moniliforme
23 M A FCIl MCO ZCO A1 F. moniliforme
24 M A FCI MCO ZCO A1 F. moniliforme
25 M A FCVI MCO ZCO A1 F. moniliforme
26 M A FCVI MCO ZCO A1 F. moniliforme
27 M A FCVI MCO ZCO A1 F. moniliforme
29 M A FCVI MCO ZCO A1 F. moniliforme
30 M A FCIII MCO ZCO A1 F. moniliforme
31 M A FCIII MCO ZCO A1 F. moniliforme
32 M A FCIl MCO ZCO A1 F. moniliforme
40 M A FCVI MCO ZCO A1 F. moniliforme
41 M A FCVI I MCO ZCO A1 F. moniliforme
44 M A FCVI MCO ZCO A1 F. moniliforme
45 M A FCVI MCO ZCO A1 F. moniliforme
55 M A FCVI MCO ZCO A1 F. moniliforme
56 M A FCVI MCO ZCO A1 F. moniliforme
59 M A FCVI MCO ZCO A1 F. moniliforme
63 M A FCVI MCO ZCO A1 F. moniliforme
67 M A FCVI MCO ZCO A1 F. moniliforme
81 M A FCVI MCO ZCO A1 F. moniliforme
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Cn21 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 M A FCVI MCO ZCO A1 F. moniliforme
2 M A FCVI MCO ZCO A1 F. moniliforme
3 M A FCVI MCO ZCO A1 F. moniliforme
4 M A FCV MCO ZCO A1 F. moniliforme
5 M A FCVI MCO ZCO A1 F. moniliforme
6 M A FCV MCO ZCO A1 F. moniliforme
7 M A FCV MCO ZCO A1 F. moniliforme
8 M A FCVI MCO ZCO A1 F. moniliforme
9 M A FCVI MCO ZCO A1 F. moniliforme
10 M A FCVI MCO ZCO A1 F. moniliforme
11 M A FCVI MCO ZCO A1 F. moniliforme
12 M A FCVI MCO ZCO A1 F. moniliforme
13 M A FCVI MCO ZCO A1 F. moniliforme
14 M A FCV MCO ZCO A1 F. moniliforme
15 M A FCV MCO ZCO A1 F. moniliforme
16 M A FCV MCO ZCO A1 F. moniliforme
17 M A FCIII MCO ZCO A1 F. moniliforme
18 M A FCVI MCO ZCO A1 F. moniliforme
19 M A FCV MCO ZCO A1 F. moniliforme
19 M A FCIV MCO ZCO A1 F. moniliforme
20 M A FCIl MCO ZCO A1 F. moniliforme
21 F? A FCI MCO ZCO A1 F. moniliforme
22 M A FCIII MCO ZCO A1 F. moniliforme
23 M A FCVI MCO ZCO A1 F. moniliforme
24 M A FCVI MCO ZCO A1 F. moniliforme
26 M A FCVI MCO ZCO A1 F. moniliforme
27 M A FCVI MCO ZCO A1 F. moniliforme
30 M A FCVI MCO ZCO A1 F. moniliforme
31 M A FCV MCO ZCO A1 F. moniliforme
32 M A FCV MCO ZCO A1 F. moniliforme
33 M A FCV MCO ZCO A1 F. moniliforme
34 M A FCV MCO ZCO A1 F. moniliforme
35 M A FCV MCO ZCO A1 F. moniliforme
36 M A FCVI MCO ZCO A1 F. moniliforme
37 M A FCVI MCO ZCO A1 F. moniliforme
38 M A FCVI MCO ZCO A1 F. moniliforme
39 ? ? FCVI MCO ZCO A1 F. moniliforme
40 ? ? FCVI MCO ZCO A1 F. moniliforme
41 M A FCV MCO ZCO A1 F. moniliforme
42 M A FCIl MCO ZCO A1 F. moniliforme
43 M A FCV MCO ZCO A1 F. moniliforme
44 M A FCIl MCO ZCO A1 F. moniliforme
45 M A FCIII MCO ZCO A1 F. moniliforme
46 M A FCIl MCO ZCO A1 F. moniliforme
47 M A FCVI MCO ZCO A1 F. moniliforme
48 M A FCVI MCO ZCO A1 F. moniliforme
49 M A FCVI MCO ZCO A1 F. moniliforme
50 M A FCV MCO ZCO A1 F. moniliforme
51 M A FCIl MCO ZCO A1 F. moniliforme
52 M A FCVI MCO ZCO A1 F. moniliforme
53 M A FCVI MCO ZCO A1 F. moniliforme
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CnA Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt FCV MCO ZCO A1 F. moniliforme
2 nt nt FCVI MCO ZCO A1 F. moniliforme
3 nt nt FCVI MCO ZCO A1 F. moniliforme
4 nt nt FCV MCO ZCO A1 F. moniliforme
5 nt nt FCIII MCII ZCO B1 F. proliferatum
7 nt nt FCVI MCII ZCO B1 F. proliferatum
10 nt nt FCVI MCO ZCO A1 F. moniliforme
12 nt nt FCVI MCO ZCO A1 F. moniliforme
17 nt nt FCVI MCO ZCO A1 F. moniliforme
21 nt nt FCVI MCO ZCO A1 F. moniliforme
24 nt nt FCIl MCO ZCO A1 F. moniliforme
29 nt nt FCVI MCO ZCO A1 F. moniliforme
31 nt nt FCIV MCQ ZCO A1 F. moniliforme
34 nt nt FCIV MCO ZCO A1 F. moniliforme
56 nt nt FCIV MCO ZCO A1 F. moniliforme
63 nt nt FCVI MCO ZCO A1 F. moniliforme
67 nt nt FCVI MCO ZCO A1 F. moniliforme
83 nt nt FCVI MCO ZCO A1 F. moniliforme
90 nt nt FCVI MCO ZCO A1 F. moniliforme
CnB Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
2 nt nt FCVI MCO ZCO A1 F. moniliforme
3 nt nt FCVI MCO ZCO A1 F. moniliforme
6 nt nt FCIV MCO ZCO A1 F. moniliforme
9 nt nt FCVI MCO ZCO A1 F. moniliforme
11 nt nt FCIV MCO ZCO A1 F. moniliforme
14 nt nt FCIV MCO ZCO A1 F. moniliforme
19 nt nt FCIV MCO ZCO A1 F. moniliforme
22 nt nt FCIII MCO ZCO A1 F. moniliforme
23 nt nt FCVI MCO ZCO A1 F. moniliforme
29 nt nt FCVI MCO ZCO A1 F. moniliforme
30 nt nt FCIl MCO ZCO A1 F. moniliforme
CnC Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt FCVI MCO ZCO A1 F. moniliforme
3 nt nt FCVI MCO ZCO A1 F. moniliforme
5 nt nt FCVI MCO ZCO A1 F. moniliforme
6 nt nt FCVI MCO ZCO A1 F. moniliforme
12 nt nt FCI MCO ZCO A1 F. moniliforme
14 nt nt FCIV MCO ZCO A1 F. moniliforme
17 nt nt FCIV MCO ZCO A1 F. moniliforme
21 nt nt FCVI MCO ZCO A1 F. moniliforme
23 nt nt FCVI MCO ZCO A1 F. moniliforme
27 nt nt FCVI MCO ZCO A1 F. moniliforme
28 nt nt FCVI MCO ZCO A1 F. moniliforme
30 nt nt FCVI MCO ZCO A1 F. moniliforme
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Table 43. Summary of the results of the mating tests and mycotoxin production of
some isolates collected from the Midlands area (nb. this table continues 
up to page 223).
Kw1 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt FCVI MCO ZCO A1 F. moniliforme
3 nt nt FCV MCO ZCO A1 F. moniliforme
4 nt nt FCV MCO ZCO A1 F. moniliforme
5 nt nt FCIV MCO ZCIII A1 F. moniliforme
7 nt nt FCI MCO ZCO A1 F. moniliforme
8 nt nt FCVI MCO ZCO A1 F. moniliforme
Kw2 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
3 nt nt FCVI MCIII ZCO A1 F. moniliforme
4 nt nt FCVI MCO ZCO A1 F. moniliforme
5 nt nt FCVI MCO ZCO A1 F. moniliforme
7 nt nt FCVI MCO ZCV A1 F. moniliforme
8 nt nt FCIII MCO ZCO A1 F. moniliforme
10 nt nt FCIII MCII ZCO B1 F. proliferatum
11 nt nt FCVI MCI ZCO B1 F. proliferatum
Key
Mat type = mating Sex 
Mat group = mating group 
FB1 prod. = fumonisin B1 production 
MON prod. = moniliformin production 
ZEN prod. = zearalenone production
Group = Group affinity according to morphological characters used in 
this study
Clss. Nel. = Classification according to Nelson et al. 1983
M = male
F = female
FC (n) = fumonisin category
ZEN (n) = zearalenone category
MON (n) = moniliformin category
e.g., n = 0, fumonisin B1 not detected
n = I, fumonisin B1 < 12.5 pg/sq.cm block 
n = II, fumonisin B1 12.5 < FB1 < 25.0 pg/sq.cm block 
n = III fumonisin B1 25.0 < FB1 < 50.0 pg/sq.cm block 
n -  IV fumonisin B1 50.0 < FB1 < 80.0 pg/sq.cm block 
n = V fumonisin B1 80.0 < FB1 < 100.0 pg/sq.cm block 
n = VI fumonisin B1 FB1 > 100.0 pg/sq.cm block 
nt = not tested
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Kw3 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt FCVI MCO ZCO A1 F. moniliforme
2 nt nt FCV MCO ZCO A1 F. moniliforme
3 nt nt FCV MCO ZCO A1 F. moniliforme
4 nt nt FCVI MCO ZCO A1 F. moniliforme
5 nt nt FCIV MCO ZCO A1 F. moniliforme
6 nt nt FCIV MCO ZCO A1 F. moniliforme
7 nt nt FCVI MCO ZCO A1 F. moniliforme
9 nt nt FCO MCV ZCO B1 F. proliferatum
11 nt nt FCO MCV ZCO B1 F. proliferatum
16 nt nt FCVI MCO ZCO A1 F. moniliforme
21 nt nt FCVI MCO ZCO B1 F. proliferatum
33 nt nt FCO MCIII ZCO B1 F. proliferatum
42 nt nt FCVI MCO ZCO A1 F. moniliforme
44 nt nt FCO MCO ZCO A1 F. moniliforme
61 nt nt FCO MCO ZCO B1 F. proliferatum
73 nt nt FCO MCIII ZCO B1 F. proliferatum
80 nt nt FCII MCIII ZCO B1 F. proliferatum
Kw4 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt FCV MCO ZCO A1 F. moniliforme
2 nt nt FCV MCO ZCO A1 F. moniliforme
3 nt nt FCV MCO ZCO A1 F. moniliforme
4 nt nt FCV MCO ZCO A1 F. moniliforme
5 nt nt FCIV MCO ZCO A1 F. moniliforme
11 nt nt FCIV MCO ZCO A1 F. moniiiforme
12 nt nt FCV MCO ZCO A1 F. moniliforme
16 nt nt FCO MCIII ZCO J2 F. subglutinans
18 nt nt FCO MCIII ZCO J2 F. subglutinans
19 nt nt FCO MCV ZCO J2 F. subglutinans
21 nt nt FCVI MCO ZCO A1 F. moniliforme
22 nt nt FCVI MCO ZCO A1 F. moniliforme
23 nt nt FCV MCO ZCO A1 F. moniliforme
25 nt nt FCO MCIV ZCO J2 F. subglutinans
27 nt nt FCVI MCO ZCO A1 F. moniliforme
31 nt nt FCVI MCO ZCO A1 F. moniliforme
33 nt nt FCO MCIII ZCO J2 F. subglutinans
39 nt nt FCIII MCO ZCO A1 F. moniliforme
44 nt nt FCVI MCO ZCO A1 F. moniliforme
45 nt nt FCO MCIII ZCO J2 F. subglutinans
51 nt nt FCO MCIII ZCO J2 F. subglutinans
57 nt nt FCVI MCO ZCO A1 F. moniliforme
61 nt nt FCV MCO ZCO A1 F. moniliforme
62 nt nt FCO MCIII ZCO J2 F. subglutinans
63 nt nt FCIV MCO ZCO A1 F. moniliforme
66 nt nt FCO MCIII ZCO J2 F. subglutinans
71 nt nt FCVI MCO ZCO A1 F. moniliforme
73 nt nt FCO MCV ZCO J2 F. subglutinans
74 nt nt FCVI MCO ZCO A1 F. moniliforme
79 nt nt FCVI MCO ZCO A1 F. moniliforme
81 nt nt FCVI MCO ZCO A1 F. moniliforme
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Kw5 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
3 nt nt FCV MCO ZCO A1 F. moniliforme
6 nt nt FCIV MCO ZCO A1 F. moniliforme
7 nt nt FCVI MCO ZCO A1 F. moniliforme
9 nt nt FCVI MCO ZCO A1 F. moniliforme
10 nt nt FCVI MCO ZCO A1 F. moniliforme
12 nt nt FCV MCO ZCO A1 F. moniliforme
15 nt nt FCV MCO ZCO A1 F. moniliforme
17 nt nt FCV MCO ZCO A1 F. moniliforme
19 nt nt FCVI MCO ZCO A1 F. moniliforme
21 nt nt FCVI MCO ZCO A1 F. moniliforme
22 nt nt FCV MCO ZCO A1 F. moniliforme
29 nt nt FCVI MCO ZCO A1 F. moniliforme
33 nt nt FCV MCO ZCO A1 F. moniliforme
Kw6 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
11 nt nt FCIII MCO ZCO A1 F. moniliforme
14 nt nt FCVI MCO ZCO A1 F. moniliforme
17 nt nt FCII MCO ZCO A1 F. moniliforme
22 nt nt FCIII MCO ZCO A1 F. moniliforme
23 nt nt FCV MCO ZCO A1 F. moniliforme
25 nt nt FCVI MCO ZCO A1 F. moniliforme
30 nt nt FCIII MCO ZCO A1 F. moniliforme
41 nt nt FCV MCO ZCO A1 F. moniliforme
44 nt nt FCV MCO ZCO A1 F. moniliforme
51 nt nt FCV MCO ZCO A1 F. moniliforme
Kw7 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
12 nt nt FCVI MCO ZCO A1 F. moniliforme
14 nt nt FCII MCO ZCO A1 F. moniliforme
17 nt nt FCVI MCO ZCO A1 F. moniliforme
22 nt nt FCII MCO ZCO A1 F. moniliforme
23 nt nt FCVI MCO ZCO A1 F. moniliforme
24 nt nt FCVI MCO ZCO A1 F. moniliforme
29 nt nt FCV MCO ZCO A1 F. moniliforme
31 nt nt FCVI MCO ZCO A1 F. moniliforme
37 nt nt FCO MCII ZCO B1 F. proliferatum
38 nt nt FCVI MCO ZCO A1 F. moniliforme
40 nt nt FCO MCII ZCO B1 F. proliferatum
41 nt nt FCO MCII ZCO B1 F. proliferatum
Kw8 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt FCVI MCO ZCO A1 F. moniliforme
2 nt nt FCVI MCO ZCO A1 F. moniliforme
3 nt nt FCVI MCO ZCO A1 F. moniliforme
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Kw12 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt FCVI MCO ZCO A1 F. moniliforme
2 nt nt FCV MCO ZCO A1 F. moniliforme
3 nt nt FCVI MCO ZCO A1 F. moniliforme
4 nt nt FCV MCO ZCO A1 F. moniliforme
5 nt nt FCVI MCO ZCO A1 F. moniliforme
6 nt nt FCII MCII ZCO B1 F. proliferatum
7 nt nt FCO MCIII ZCO B1 F. proliferatum
8 nt nt FCVI MCO ZCO A1 F. moniliforme
10 nt nt FCVI MCO ZCO A1 F. moniliforme
11 nt nt FCO MCV ZCO B1 F. proliferatum
12 nt nt FCV MCO ZCO A1 F. moniliforme
14 nt nt FCIII MCO ZCO A1 F. moniliforme
15 nt nt FCIII MCO ZCO A1 F. moniliforme
16 nt nt FCO MCV ZCO B1 F. proliferatum
18 nt nt FCVI MCO ZCO A1 F. moniliforme
20 nt nt FCVI MCO ZCO A1 F. moniliforme
21 nt nt FCVI MCO ZCO A1 F. moniliforme
22 nt nt FCVI MCO ZCO A1 F. moniliforme
23 nt nt FCVI MCO ZCO A1 F. moniliforme
24 nt nt FCV MCO ZCO A1 F. moniliforme
25 nt nt FCIV MCO ZCO A1 F. moniliforme
26 nt nt FCIV MCO ZCO A1 F. moniliforme
27 nt nt FCII MCIII ZCO B1 F. proliferatum
28 nt nt FCVI MCO ZCO A1 F. moniliforme
30 nt nt FCVI MCO ZCO A1 F. moniliforme
33 nt nt FCO MCO ZCO B1 F. proliferatum
36 nt nt FCV MCO ZCO A1 F. moniliforme
37 nt nt FCIII MCO ZCO A1 F. moniliforme
41 nt nt FCIV MCO ZCO A1 F. moniliforme
42 nt nt FCII MCO ZCO B1 F. proliferatum
44 nt nt FCVI MCO ZCO A1 F. moniliforme
47 nt nt FCVI MCO ZCO A1 F. moniliforme
53 nt nt FCIII MCO ZCO A1 F. moniliforme
54 nt nt FCI MCO ZCO A1 F. moniliforme
61 nt nt FCI MCO ZCO A1 F. moniliforme
62 nt nt FCVI MCO ZCO A1 F. moniliforme
63 nt nt FCIV MCO ZCO A1 F. moniliforme
64 nt nt FCVI MCO ZCO A1 F. moniliforme
65 nt nt FCII MCO ZCO A1 F. moniliforme
67 nt nt FCVI MCO ZCO A1 F. moniliforme
70 nt nt FCIII MCIII ZCO B1 F. proliferatum
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Kw11 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
3 nt nt FCVI MCO ZCO A1 F. moniliforme
7 nt nt FCVI MCO ZCO A1 F. moniliforme
11 nt nt FCVI MCO ZCO A1 F. moniliforme
22 nt nt FCVI MCO ZCO A1 F. moniliforme
37 nt nt FCVI MCO ZCO A1 F. moniliforme
44 nt nt FCVI MCO ZCO A1 F. moniliforme
45 nt nt FCVI MCO ZCO A1 F. moniliforme
47 nt nt FCVI MCO ZCO A1 F. moniliforme
60 nt nt FCIV MCO ZCO A1 F. moniliforme
73 nt nt FCVI MCO ZCO A1 F. moniliforme
78 nt nt FCVI MCO ZCO A1 F. moniliforme
81 nt nt FCVI MCO ZCO A1 F. moniliforme
88 nt nt FCVI MCO ZCO A1 F. moniliforme
90 nt nt FCVI MCO ZCO A1 F. moniliforme
Kw13 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt FCVI MCO ZCO A1 F. moniliforme
2 nt nt FCVI MCO ZCO A1 F. moniliforme
3 nt nt FCIV MCO ZCO A1 F. moniliforme
4 nt nt FCV MCO ZCO A1 F. moniliforme
7 nt nt FCV MCO ZCO A1 F. moniliforme
9 nt nt FCV MCO ZCO A1 F. moniliforme
10 nt nt FCVI MCO ZCO A1 F. moniliforme
11 nt nt FCV MCO ZCO A1 F. moniliforme
Kw14 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
11 nt nt FCV MCO ZCO A1 F. moniliforme
13 nt nt FCV MCO ZCO A1 F. moniliforme
19 nt nt FCV MCO ZCO A1 F. moniiiforme
22 nt nt FCVI MCO ZCO A1 F. moniliforme
27 nt nt FCVI MCO ZCO A1 F. moniliforme
43 nt nt FCVI MCO ZCO A1 F. moniliforme
56 nt nt FCIII MCO ZCO A1 F. moniliforme
57 nt nt FCVI MCO ZCO A1 F. moniliforme
59 nt nt FCVI MCO ZCO A1 F. moniliforme
73 nt nt FCV MCO ZCO A1 F. moniliforme
75 nt nt FCV MCO ZCO A1 F. moniliforme
77 nt nt FCV MCO ZCO A1 F. moniliforme
80 nt nt FCVI MCO ZCO A1 F. moniliforme
Kw16 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
38 nt nt FCO MCIII ZCO J2 F. subglutinans
42 nt nt FCO MCIII ZCO J2 F. subglutinans
24 nt nt FCO MCIV ZCO J2 F. subglutinans
32 nt nt FCIV MCO ZCO A1 F. moniliforme
10 nt nt FCIII MCO ZCO A1 F. moniliforme
5 nt nt FCO MCII ZCO J2 F. subglutinans
9 nt nt FCO MCIII ZCO J2 F. subglutinans
11 nt nt FCVI MCO ZCO A1 F. moniliforme
4 nt nt FCVI MCO ZCO A1 F. moniliforme
32 nt nt FCVI MCO ZCO A1 F. moniliforme
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Kw16 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
42 nt nt FCV MCO ZCO A1 F. moniliforme
40 nt nt FCO MCIV ZCO J2 F. subglutinans
31 nt nt FCO MCVI ZCO J2 F. subglutinans
41 nt nt FCV MCO ZCO A1 F. moniliforme
39 nt nt FCV MCO ZCO A1 F. moniliforme
37 nt nt FCVI MCO ZCO A1 F. moniliforme
29 nt nt FCO MCV ZCO J2 F. subglutinans
28 nt nt FCO MCIV ZCO J2 F. subglutinans
46 nt nt FCIV MCO ZCO A1 F. moniliforme
45 nt nt FCO MCIII ZCO J2 F. subglutinans
18 nt nt FCV MCO ZCO A1 F. moniliforme
20 nt nt FCVI MCO ZCO A1 F. moniliforme
19 nt nt FCIV MCO ZCO A1 F. moniliforme
35 nt nt FCIV MCO ZCO A1 F. moniliforme
1 nt nt FCO MCII ZCO J2 F. subglutinans
36 nt nt FCVI MCIII ZCO B1 F. proliferatum
43 nt nt FCO MCII ZCO J2 F. subglutinans
45 nt nt FCO MCII ZCO J2 F. subglutinans
44 nt nt FCO MCV ZCO J2 F. subglutinans
26 nt nt FCO MCV ZCO J2 F. subglutinans
25 nt nt FCVI MCO ZCO A1 F. moniliforme
34 nt nt FCO MCII ZCO J2 F. subglutinans
7 nt nt FCO MCII ZCO J2 F. subglutinans
14 nt nt FCO MCII ZCO J2 F. subglutinans
2 nt nt FCO MCII ZCO J2 F. subglutinans
13 nt nt FCV MCO ZCO A1 F. moniliforme
8 nt nt FCVI MCO ZCO A1 F  moniliforme
6 nt nt FCV MCO ZCO A1 F. moniliforme
15 nt nt FCO MCIII ZCO B1 F. proliferatum
16 nt nt FCV MCO ZCO A1 F. moniliforme
12 nt nt FCO MCV ZCO J2 F. subglutinans
21 nt nt FCO MCV ZCO J2 F. subglutinans
17 nt nt FCO MCVI ZCO J2 F. subglutinans
33 nt nt FCO MCO ZCO B1 F. proliferatum
27 nt nt FCV MCO ZCO A1 F. moniliforme
30 nt nt FCIV MCO ZCO A1 F. moniliforme
51 nt nt FCIV MCO ZCO A1 F. moniliforme
52 nt nt FCV MCO ZCO A1 F. moniliforme
53 nt nt FCV MCO ZCO A1 F. moniliforme
56 nt nt FCV MCO ZCO A1 F. moniliforme
57 nt nt FCV MCO ZCO A1 F. moniliforme
61 nt nt FCV MCO ZCO A1 F. moniliforme
62 nt nt FCIV MCO ZCO A1 F. moniliforme
66 nt nt FCIV MCO ZCO A1 F. moniliforme
68 nt nt FCV MCO ZCO A1 F. moniliforme
70 nt nt FCVI MCO ZCO A1 F. moniliforme
79 nt nt FCO MCV ZCO J2 F. subglutinans
80 nt nt FCV MCO ZCO A1 F. moniliforme
93 nt nt FCO MCV ZCO J2 F. subglutinans
95 nt nt FCO MCV ZCO J2 F. subglutinans
98 nt nt FCIII MCO ZCO A1 F. moniliforme
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Kw17 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt FCVI MCO ZCO A1 F. moniliforme
3 nt nt FCVI MCO ZCO A1 F. moniliforme
4 nt nt FCVI MCO ZCO A1 F. moniliforme
5 nt nt FCV MCO ZCO A1 F. moniliforme
11 nt nt FCV MCO ZCO A1 F. moniliforme
12 nt nt FCV MCO ZCO A1 F. moniliforme
13 nt nt FCV MCO ZCO A1 F. moniliforme
14 nt nt FCIV MCO ZCO A1 F. moniliforme
15 nt nt FCIV MCO ZCO A1 F. moniliforme
16 nt nt FCVI MCO ZCO A1 F. moniliforme
17 nt nt FCIV MCO ZCO A1 F. moniliforme
18 nt nt FCVI MCO ZCO A1 F. moniliforme
20 nt nt FCIV MCO ZCO A1 F. moniliforme
21 nt nt FCV MCO ZCO A1 F. moniliforme
22 nt nt FCV MCO ZCO A1 F. moniliforme
23 nt nt FCI MCIII ZCO B1 F. proliferatum
24 nt nt FCVI MCO ZCO A1 F. moniliforme
25 nt nt FCVI MCO ZCO A1 F. moniliforme
26 nt nt FCVI MCO ZCO A1 F. moniliforme
27 nt nt FCIII MCO ZCO A1 F. moniliforme
30 nt nt FCIV MCO ZCO A1 F. moniliforme
31 nt nt FCVI MCO ZCO A1 F. moniliforme
33 nt nt FCVI MCO ZCO A1 F. moniliforme
36 nt nt FCII MCO ZCO A1 F. moniliforme
Kw18 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 M A FCV MCO ZCO A1 F. moniliforme
2 M A FCV MCO ZCO A1 F. moniliforme
3 M A FCV MCO ZCO A1 F. moniliforme
4 M A FCV MCO ZCO A1 F. moniliforme
5 ? D? FCV MCO ZCO A1 F. proliferatum
6 ? D? FCV MCO ZCO A1 F. proliferatum
7 ? D? FCV MCO ZCO A1 F. proliferatum
8 F A FCV MCO ZCO A1 F. moniliforme
9 F A FCV MCO ZCO A1 F. moniliforme
10 F A FCVI MCO ZCO A1 F. moniliforme
11 M A FCV MCO ZCO A1 F. moniliforme
12 M A FCV MCO ZCO A1 F. moniliforme
15 M A FCVI MCO ZCO A1 F. moniliforme
16 M A FCVI MCO ZCO A1 F. moniliforme
17 M A FCVI MCO ZCO A1 F. moniliforme
21 F A FCVI MCO ZCO A1 F. moniliforme
22 ? D? FCV MCO ZCO A1 F. proliferatum
27 M A FCVI MCO ZCO A1 F. moniliforme
28 H A FCV MCO ZCO A1 F. moniliforme
29 M A FCV MCO ZCO A1 F. moniliforme
34 H A FCVI MCO ZCO A1 F. moniliforme
35 M A FCVI MCO ZCO A1 F. moniliforme
38 F A FCII MCO ZCO A1 F. moniliforme
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Kw19 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
3 M A FCVI MCO ZCO A1 F. moniliforme
5 F A FCVI MCO ZCO A1 F. moniliforme
6 ? D? FCO MCII ZCO B1 F. proliferatum
7 M A FCV MCO ZCO A1 F. moniliforme
11 M ? FCO MCO ZCO J5 ?
12 F ? FCO MCO ZCO J5 ?
14 F A FCV MCO ZCO A1 F. moniliforme
18 ? D? FCII MCIII ZCO B1 F. proliferatum
21 M A FCIII MCO ZCO A1 F. moniliforme
22 M A FCIV MCO ZCO A1 F. moniliforme
23 M ? FCO MCO ZCO J5 ?
27 H A FCV MCO ZCO A1 F. moniliforme
29 M A FCII MCO ZCO A1 F. moniliforme
30 M ? FCO MCO ZCO J5 ?
31 M A FCVI MCO ZCO A1 F. moniliforme
32 M A FCII MCO ZCO A1 F. moniliforme
34 H D? FCO MCIII ZCO B1 F. proliferatum
37 ? D? FCO MCIII ZCO B1 F. proliferatum
41 M ? FCO MCO ZCO J5 ?
44 M ? FCO MCO ZCO J5 ?
Kw20 Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 ? ? FCO MCVI ZCO J3 F. anthophilum
2 M A FCV MCO ZCO A1 F. moniliforme
3 M A FCI MCO ZCO A1 F. moniliforme
4 ? ? FCO MCO ZCO 15 ?
6 ? ? FCO MCO ZCO 15 ?
7 ? ? FCO MCVI ZCO J3 F. anthophilum
9 ? ? FCO MCO ZCO J5 ?
10 ? ? FCO MCVI ZCO J3 F. anthophilum
11 ? ? FCO MCO ZCO 15 ?
12 ? ? FCO MCO ZCO 15 ?
13 ? ? FCO MCO ZCO J5 ?
14 M D? FCO MCIII ZCO B1 F. proliferatum
15 ? ? FCO MCO ZCO J5 ?
16 M A FCVI MCO ZCO A1 F. moniliforme
17 M D? FCII MCII ZCO B1 F. proliferatum
19 ? ? FCO MCO ZCO 15 ?
21 ? ? FCO MCVI ZCO J3 F. anthophilum
KwA Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
3 nt nt FCV MCO ZCO A1 F. moniliforme
9 nt nt FCII MCO ZCO A1 F. moniliforme
16 nt nt FCV MCO ZCO A1 F. moniliforme
21 nt nt FCVI MCO ZCO A1 F. moniliforme
23 nt nt FCO MCIII ZCO J2 F. subglutinans
27 nt nt FCIV MCO ZCO A1 F. moniliforme
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KwB Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt FCO MCVI ZCO J3 F. anthophilum
7 nt nt FCVI MCO ZCO A1 F. moniliforme
9 nt nt FCV MCO ZCO A1 F. moniliforme
17 nt nt FCVI MCO ZCO A1 F. moniliforme
35 nt nt FCVI MCO ZCO A1 F. moniliforme
44 nt nt FCO MCVI ZCO J3 F. anthophilum
51 nt nt FCO MCVI ZCO J3 F. anthophilum
KwC Mat type Mat group FB1 prod. MON prod. ZEN prod. Group Clss. Nel.
1 nt nt FCIII MCO ZCO A1 F. moniliforme
2 nt nt FCII MCO ZCO A1 F. moniliforme
3 nt nt FCV MCO ZCO A1 F. moniliforme
4 nt nt FCO MCO ZCO B1 F. proliferatum
5 nt nt FCO MCII ZCO B1 F. proliferatum
7 nt nt FCII MCIII ZCO B1 F. proliferatum
9 nt nt FCV MCO ZCO A1 F. moniliforme
11 nt nt FCVI MCO ZCO A1 F. moniliforme
12 nt nt FCVI MCO ZCO A1 F. moniliforme
14 nt nt FCO MCIII ZCO J2 F. subglutinans
15 nt nt FCIII MCO ZCO A1 F. moniliforme
17 nt nt FCII MCO ZCO A1 F. moniliforme
19 nt nt FCI MCO ZCO A1 F. moniliforme
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Appendix A. Media composition
Selective Fusarium Agar (SFA)
Glucose
k h 2po 4
MgS04.7H20
NaN03
Yeast Extracts 
1% FeS04.7H20  
Agar
Chlomphenicol (Added to tempered agar)
Dichloran 18% Glycerol Agar (DG18)
Glucose 
Pep tone
k h 2po 4
MgS04.7H20  
Yeast Extracts 
A.R Glycerol 
Agar
g/dm3 water 
20.0 
0.5 
0.5 
2.0 
1.0
1.0 ml 
20.0
40.0 mg
g/dm3 water
10.0
5.0
1.0 
0.5
1.0
220.0 (=174.7 ml)
15.0
100.0 mg
2.0 mg (0.2% w/v in 1 ml EtOH)
Chlomphenicol (Added to tempered agar) 
Dichloran
Potato Sucrose Agar (PSA)
Potato Water 500.0 ml
Sucrose 20.0 g
Distilled water 500.0 ml
Agar 15.0 g
( nb. potato water = 1800 g picked, diced maincrop, boiled for 1-2 hours and filtered 
through cheese cloth - 4.5dm3)
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Fusarium Sporulating Agar (SNA)
g/dm3 water 
Glucose 0.2
Sucrose 0.2
k h 2po 4 1.0
MgS04.7H20  0.5
k n o 3 1.0
KC1 0.5
Agar 15.0
Chlomphenicol (Added to tempered agar) 40.0 mg
Borrow’s Nutrients Modified (BNM)
g/dm3 water
Sucrose 62.0
KH2P04 2.0
MgS04.7H20  0.38
NH4N 03 3.5
Glycine 3.5
Agar 20.0
Borrow’s micronutrients 2.0g
Chlqrnphenicol (Added to tempered agar) 40.0 mg
V- 8 Juice Agar
/dm3 water
V - 8 juice 200 ml
CaC03 2.0 g
Agar 20.0 g
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Yeast Extract Sucrose Agar (YES).
Yeast extract 
MgS04.7H20  
Sucrose
Trace metal solution 
(Trace elements = ZnS04. 7H20
Potassium Chloride Agar (KC1A)
Agar (Technical no. 3)
KC1
/dm3 water
20.0 g
0.5 g
150.0 g
1.0 g
1.0 g and CuS04. 5H20 0.5 g in 100 ml water) 
/dm3 water
20.0 g
6.0 g
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Appendix B. Mycofloral infection (incidence of Fusarium spp.) on Zimbabwean
(jper \ot>Kcrr\€\s^
Amaize of the 1991/92 harvesting season from the Midlands province (Kwe kwe).
SAMPLE
NO.
TOTAL-
OTHER
FUNGAL
INFECTION
FUSARIUM
INFECTION
GERMINAT­
ION
INFECTED
AND
GERMINA­
TED
Kw 1 25 8 100 33
Kw 2 22 12 100 35
Kw 3 11 84 99 94
Kw 4 15 83 100 100
Kw 5 61 36 97 97
Kw 6 65 56 92 90
Kw 7 15 43 96 57
Kw 8 10 3 98 12
Kw 9 10 96 10
KwlO 33 100 33
Kwll 34 92 81 80
Kwl2 36 71 98 98
Kwl3 57 12 99 69
Kwl4 68 82 99 99
Kwl5 29 95 28
Kwl6 3 100 100 100
Kwl7 17 27 91 44
Kwl8 16 29 96 44
Kwl9 15 19 98 34
Kw20 13 21 97 34
Kw A 31 33 99 60
Kw B 19 55 100 68
Kw C 26 20 98 41
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Appendix C. Mycofloral infection and viability (incidence o f Fusarium) on 24 maize 
samples of Zimbabwe’s 1991/92 harvesting season from Mashonaland West, (per »ookernels)
SAMPLE
NO.
TOTAL-
OTHER
FUNGAL
INFECTION
FUSARIUM
INFECTION
GERMINAT­
ION
INFECTED
AND
GERMINA­
TED
Cn 1 36 50 90 85
Cn 2 128 14 98 98
Cn 3 65 9 98 67
Cn 4 10 71 93 80
Cn 5 24 73 79 78
Cn 6 106 97 96
Cn 7 63 3 97 61
Cn 8 49 7 91 49
Cn 9 30 5 90 35
CnlO 63 5 87 63
C nll 3 100 100 100
Cnl2 6 75 95 76
Cnl3 10 31 99 40
Cnl4 114 48 96 96
Cnl5 15 7 100 22
Cnl6 21 14 98 33
Cnl7 10 31 99 40
Cnl8 5 1 98 6
Cnl9 6 2 100 8
Cn20 4 99 100 100
Cn21 13 61 99 74
Cn A 13 71 96 81
Cn B 12 30 97 47
Cn C 9 32 89 36
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